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SURFACE GEOLOGY OF THE NASH DRAW QUADRANGLE,
EDDY COUNTY, NEW MEXICO

By JAMES D. VINE

ABSTRACT

Outeropping roek~ and ~urfidal dellO~it~ of the JIIash Draw qua(lrangle were
mapped to provide geologie information for the n.s. Atomic Energy Commission's
Plow~hare lJrogram. The quadrangle i~ near the north margin of the Delaware
ba~in amI about 15 miles ea~t of Carl~bad, JII. xlex. 'rhe region i~ sparsely
inhabited amI has an arid climate.
A~ muell as 4,000 fpet of ~alt amI anhydrite of Permian age i~ present below

the surface, but doe~ not erop out in normal thiekne~~ in this area or elsewhere
because of their high ~olubiJity. Tlle~e roek~ have been divided into the Castile
formation hplow amI the l-1alado formation ahove. Rocks exposed at the surface
overlie tliPse ~oluble ro('\,~ and include the Rustler formation of Late Permian
age, the l'iprce Canyon redlJed~ of Permian or Triassic age, the Santa Rosa
sandstonp of Late 'rria~~ic agp, amI the Gatuna formation, caliche, and a
variety of uneon~olidated (lepo~its of late Cpnozoie age.

The Ru~tler formation of Latp Permian age is ~ub(lividpd into four easily
distingui~hable members, excluding about 120 feet of the lower part, which is
not exposed at the ~urface in thi~ arpa. The oldest member exposed is the
Culebra dolomite member, allOut 30 feet thiek, hlentified only in erratically dis
tributed outcrops in eollapse area~. The CulelJra eon~ists of microcrystalline
gray dolomite or dolomitie limestone eharnderized by numerou~ ~pherical eavitie~

1 to 10 mlu in diameter. It is eonfol'malJly overlain by the Tamarisk member,
nanlPd herein for exposures (lire(·tly ea~t of Tamarisk Flat. It consists of about
115 feet of massive gypsum at the ~urface, ('hang-ing to anhydrite in the sub
~urface, and a bell, :) feet thiek, of silt~tone near the base. Surfieial deformation
caused by hydration and solution are ('haraeteristie of all the outel'ops. The
Tamarisk member is ('onforma bly overlain lJy the Magenta member, about 20
feet thiek and eon~isting of alternatinj?; wavy laminae of pale-reo dolomite and
pale yellowish-grppn anh~'drite or gyp~um. The torl member of the Rustler
formation conformably overlie~ the :\lagenta and i~ hpre named the Forty-niner
member after I<'orty-niner Rid,gp, wherp it erop~ out. In ~urface exposure~ it
eon~ists of alJout 40 to or; feet of broken amI sIumved ma~sive gypsum and a bed
of siltstone in the lower part. The siltstone lJeds in the Tamari~k and Forty
niner members probably repre~ent thp insoluble residne of ~alt beds reported
from the subsurfaee to the east.

Bl
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Overlying the Rn~tler formation ,,'ith apparpnt r'rlIlfoJ'mity fire the Pierce
Cflnyoll rerllleds of Permian or Trias~i,' ag'p, 'l'hese rocks eOllsist of ahont 200
to 2.;0 fept of laminated OJ' minntely cJ'oss-laminated Illr)(lpr;lte rerhlish-hrown
siltstonp. 'l'llP contact hetwpen the l'ipI'l'e C:lIlyon redbeds and the overlying
Santa Rosa snIlllstmlP is a l1iseonfoJ'mit~'.:!t lellst loeally.

The Santa Rosa snI](l~tone of Late TJ'ia~sic agp ('onsi~t.s of pale-J'e(l sandstone
find couglr'lllerate lellses prosslH'l1ded in spts :'; to 1;; feet thir'k st'parated lo('ally
hy moderate rpddish-hrnwn ~iltstone awl C!>lystone. Only the lower ,,0 to 70
fpet of Santa Rosa WflS I'l'('og'nizprl in tl](' arpa.

Thp Gatnna formation of Pleist()('plle ('') age llIlNmformahly oYeJ'lie~ all older
I'()('k~. In mneh of til(' area it eonsists of :~ to ;; feet of llloderate J'p,lrlish-orange
sawlstont', siltstone, an(l crmglomeratp. Lr)('nll~·. in bust (lp!H'pssions. the Gatuna
:Ittflins a thickness of fit lpa~t 100 fept. In sonl(' nn'as the lithology <'1osely
respmhle~ the l'ipI'('e Can~'on J'prlbp(ls 01' the Snntn Ro~n snndstone,

Caliche forms a rpsistnnt la~'er at the gronnd surfncp, ;; to 10 feet thipk, that
prntt'ets ol,ler rocks from erosion in nJnn~' area~. Thp r'alkht' eonsLsts of eal
r'areons matprial with a yariahlp alliount of imheddpd saml grains, pehhlt's, ant]
rr)('k fragment~. Cnliehe mOllI\(1~ :llld hrol,en ftpxtnre rirlgt's, 10 to 1" fept high,
have form I'd mlITmy zonps ,,0 to several hunr!I'pd fppt long.

Quaternan' allllvillln ha,s been (!epositerl along fht' sirles of depressions. It is
m'el'lflin hy playn lake dt'posits. whir'h art' in tnrn o,erlain h~' conspieuous sand
dlllH'S as mnch ns 100 fept high,

The regional struf'lurt' is relatiYel~' simple mlll consists of a (lip of a few feet
PP!' milp to the east and southeast,

Normally flat-lying ~trata art' tilted, w:ll'ped, and loeall~' distorted at the
surfaep by hydration and solution of til(> e,aporit!' ror'ks in the ~uhsurfaep, :\Tnsh
Draw, a r]epression 4 to (; mile,s wid!' nnd nhout 1S miles lon,g, hns resulted from
the solution of salt in the RustleJ' nrlll Salarlo formations nIHl eollapse of the
oyt'rlying relatively insolnhle roeks, Topogrnphy and surfapt' struptnre conform
ill sOllle arpas with tl](' eonfiguration of tlw ul1tlprl~'in,g solutioll surfaee at tht'
top of tlle massive salt in the Sal:1(lo formation: h,,\n'vpr. lO(':tll~' there is an
im'pl'sp "orresponrlt'nce, :\ran~' f'ircnlnr ka I'st fpfltn]'ps l'in to lh mill' in d ial1letpr
are in the arpa, Some of lIwse ft'atnrt's are strndnral dOI1l("~, hnt they contain
a cOl'e of tiltprl 01' hn'eciate(] rock. T!Jpsp karst ft':!tnn's reslllt from tht' formn
tion nIHI collapse of sinldlOlps. rlifft'rt'ntinl Soll1tion at thp top of thp massi\'e salt,
allll h~'(lrntion of the anhydrite beds,

INTRODUCTION

The surface g'eolo~ of the Nash Draw quadrangle, New Mexico
(pl. 1), '\'as llJaPlwl1 between Odo!wr 1!1f)F\ :mo :March lfl;lf) to pro
\'ioe the 1'.S. Atomic Enprg'y Cmlllllission ,,'ith gpolop:ic oata on
the area sllTTonnding the site of the l)]'oposed Gnome experiment,
part of the Pll)\\'share prog'ram for the de\'elopment of peaceful uses
of atomic eneJ'I.ry. Selection of t1w GnonlP site in sec, ;)4, T. 2:1 S..
R, ;10 E., ",as haseo in part ong'pologic requirements relating to thick
ness of 0\'erbnn1en anll of tlIP salt 1leo in which the detonation of a
nuclear de\'ice is pl:tnllell. .\deql1ate geolo::6c data on the slllT011lHl
ing area are eSSl'nt ial to the success of the experiment. The investiga-
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tion \\'as on behalf of the OfIice of Test Operations, Albuquerque Op
erations O!Iice, U.S. "Homic Energy Commission.

This rpport descTibes the surface geologic features of the area.
An i lltensi ve in vestigation of the subsnrface geology over a period of
about 10 years \\':!S cOlllpleted by C. L. .Jones and others in connection
witll the F~. Geological SUlTey's commodity study of the potash
deposits, and preliminary reports lHlve been prepared by .Jones (1951,
1DI)D, and 1!l()O), .Tones and Madsen (18;)\)), and .Jones, BO'des, and
Bell (lDGO).

The Nash Dn! \V (jnac1ral1gle is located in southeastern Ne\\' Mexico
in eastel'll Eddy County (tig. 1). The city of Carlsbad lies about

I,-'IGURE l.---Southeastern Ne\v 1\!exico and ndjneent part of Tpxas ~howing location of the
Na~h Draw quadrangle (hl'i\\'Y linp). Hachure:-; :-;ho,,, p/)~iti()11 of ~carp.

1+ miles due west of the 1l0rthel'l1 part of the quadrangle. The only
d\wlli]lgs \\'ithin the quarlT'illlgle are three ranchhouses. Nash Dnl\v
is a topographic depression 4 to t) miles wide, and extends the entire
length of the quadrangle. An escarpment on the north side of Nash
Dl':l \V is called ~Iaroon (jlill's; one on the east is eaUed Livingston
Hidge. alld one on the \\'est is Quahada Ridge. An escarpment on the
south side is not named. Nash Dra\\' has no extemal surfaee drainage.
Several lakes, inclnc1ing Salt Lake ill the southwestern part of the
dep]'essioll, have 110 sul'facp outlet. A semiarid to arid climate and
infertile, saline, rocky, 01' sandy soils combine to make agriculh!re
impractica1. (jrazing i" the only use made of the land surface. In
contrast to poor agri(,ultural conditions, a great wealth of potash lies
underground; it is localized chiefly in the northwestern part of the
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quadrangle and extends beyond the quadrangle to the north and
northeast. "Within tlw quadrangle the U.S. Potash CO.'s principal
mine entry is loeated in sec. 12, T. 21 S., R. 29 K, and the International
Minerals and Chemical (;orp.'s principal mine entry and refinery
are located in sees. 1 and 1:2, T. 22 S., R. 29 E. The U.S. Potash CO.'s
refinery is located on the ""est side of Salt Lake about 2 miles west
of the quadrangle (fig. 2). Together these potash mines and four
others a fm\ miles nOl'I h of 1he quadrangle comprise the principal
source of potash available within the 17nited States and represent the
principal industrial employment and income within the Carlsbad
reglOn.

i,
~I~
... , ...

zl z.;:J ;:J
00u,u

FIGURE 2.-Map showing geographic features in the Nash Draw quadrangle and adjacent
ar~at->. H:Jchllres Rhow position of :-;car-p.

Access to the Nash Draw quadrangle is provided by two improved
roads. New Mexico State Route :11 crosses the llortlnYestern part of
the area. It joins U.S. TIiglmay 285 about 8 miles ,,"est of the
quadrangle and about 2 miles northwest of Loving', N. Mex. About
:2 miles beyond the north bounclal'Y New Mexico State Route :n joins
U.S. Highway fi2 and 180. An unnumbered highway from .Tal,
N.Mex., in the extreme southeast corner of the State, crosses the
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southern part of the Nash Draw quadrangle and joins New Mexico
State Route 21 about an eighth of a mile \yest of the quadrangle
boundary. An access road, I) miles long, to the Gnome site \yas con
structed from a point on the .ral road about 7% miles east of the
junction with New Mexico State Route. 3l.

The writer \yas aided in the fieldwork and the interpretation of the
field relations by other geologists and engineers in the area, especially
George ",V. Moore and Charles B. Read, who accompained the writer
in the field on severa I occasions. Robert Fulton and Bruno R. A Ito
cooperated by making available the records of wells drilled on Gov
ernment lands. The \Hiter is especially indebted to ~fr. ",Villiam H.
Atkinson, work unit conservationist U.S. Soil Conservation Service in
Carlsbad, for the loan of large-scale aerial photographs of the Nash
Draw quadrangle and adjacent areas. Robert E. Miller, U.S. Atomic
Energy Commission, Albuquerque Operations Office, provided office
space and vehicles for field ILse. Ray Harbert, Phillip D. Pack, and
Michael S. Bickers, Holmes and Narvel', Inc.; Thomas Pearce, the
U.S. Coast and Geodetic Survey; Charles E. Violet, Lawrence Radia
tion Laboratory, Livermore, Calif.; and vVilliam R. Perret, Sandia
Corp., Albuquerque, N. Mex., provifled technical discussion of spe
cific geologic features that might be of interest in connection with the
Gnome experiment. E. G. Patton, Reynolds Electrical & Engineering
Co., Inc., provided necessary administrative services.

REGIONAL STRATIGRAPHIC SETTING

The Nash Draw quadrangle lies in the Delaware basin, a region
of sedimentary rocks that is well known to geologists from exposures
in the Guadalupe Mountains soutlnyest of the quadrangle and from
exploratory bore holes drilled for petroleum and potash. A summary
of the Late Permian and younger strata and surficial deposits is pre
sented in the table below. In addition to the rocks that have been
studied in surface exposures as a part of the present investigation,
two older rock formations, the Castile and the Salado, are listed in
the table and briefly described ]wlo\\' because of their importance in
understanding the ontcropping rocks. As much as 10,000 feet of
still older Paleozoic strata lias been renetrated by drillillg but is not
described in this report.

The eastern escarpmeut of the Guadnlupe Hidge soutlnyest of the
Nash Drn\y qnadrangle is formed by a massive limestone, the Capitan
I imestone, which has long been considered to be an ancient barrier
reef (Lloyd, Hl29; Cralldn II, Hl29). The limestone is as much as 2,000
feet thick aud can be traced for many miles; but it is very nal'1'O\Y, as
it is generally only a few thousand feet to a few miles wide. The reef

648712 0--63----2
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Summary of Late Permian and !founger strata and deposits, Nash IJ}"OJl) 'tHOr/
raY/rIle, New Merrieo

Age II Formation I Member or zonc I DescriP~i~------

-----I-===~=T--==I w~~g~~o~~~O~af~~i~~Posit':-:~~onsPieuous dU:S as

- Playa lakc 11 1 Sand ancl silt; includcs gypsum sand deposited in
~ deposIts. shallO\\" intermittent lakes.

~. 8, --,-------
~ ~ AlluviuID 1 -I Sand and silt, locally conglomeratic, deposited on slopes
E : and in depressions.

~ Calicbe 'I,=_~= Lim-e-,s-to-n-c-,-ra-n-g-i-n-g-fr-o-m--de-n-s-e-t--o-tr-a-,--e-rt-in-c-l-ik-e;
....>' includes sand grains and rock fragmpnts; 2 to 15 ft

tbick.

EO:: Gatnna I_ ------ -------- Gravel, sancl, Silt, day, and locally g\psum, deposited
.~ 1r as allu\ 111m, poorly consolIdated, dommantly reddlsh

"'" .... orangr, gradmg to pmk, gray, or yellow, as much as
il: 8 1 1 ~t thick. _

.~ ?-<.~ Santa Rosa Sandstone, conglomrratlc, pale-red, very poorly sorted,
w _ "" sandstone. I crossbcdded in sets 3 to 15 It thick; interhedded
.~ $'~ )1 locally with moflerate rE"ddish-browJl claystone and
f:; f-< siltstone; 50 to iO It tbick.

~ .8 --I-p-i-er-c-e-c-a-n-y-on- --- --_I Siltstone, moderate reddish-orange; conspicuous lami-
S ::; ~ redbcds, nae 1 to 5 mm tbick; poorly sorted; locally sandy or
~ E5 1_ . ' claycy; 200 to 250 It tbick,

Rustler , Fort~ -nmer__ Oypsum, white, massive, and siltstone: 40 to 65 ft thick.

Magenta . Dolomite, pink, interlaminated with pale-green anby-
dritc; 20 It tbick,

I Tamarisk Oypsum, \vhite, massi ve, and siltstone; 11,1 [t thick.

1

CUICbr~ ----- -I Dolomite, light-gray, silty, thin-bedded to massive;
. ,}()Ioml'te, t ' h' lIt 10 'd' t 30 Itcon ams sp enea vugs 0 mm m lame ,er;

tbick.

II ennamed_ - --- -II SIltstone, gypsum, and very fine gramed gray sandstone
120 It thick.

1------ ---~

Salado Upper leacbed 1 Gypsum, slltstonc, and anhydrite, hrecClatl'd, 50 to 200

1

- z::::'rmassne H~:I:::c:~bYdnte, Siltstone, and polyhahte; s~uhle
, i salt, I potash mml'ralslocally, as much as 2,000 It thick.

Castllc j AnhYdrite, hallte, anh~dnt(' mterlaminated with
lImestone; as much as 2,000 ft thICk.

passes lInderground in the vicinity of Carlsbad and from there it hns
been traced enstmll'd in the sllbsurfnce to the vicinity of Hobbs and
from Hobbs sOlltlnvard into Texas. In plan, the Capitan limestone is
shaped like a horseshoe more than GO miles \vide (fig. 1). The nrea
\\'ithin the horseshoe-shaped ontline is kno\vn as the Dela\\'are basin
alld the ;)rea north of the reef as the Korthwest shelf. The Nash
Dnnv quadrangle lies nt the ]Hnth margin of the Dehl\vare hasin. Ac
cOl'ding to the barrier reef hypot hesis as it has been described in more
recent years (Adams, lD44, p. 15DS: King, 1942, p. 617-G2:2: King.
lD48: Ne,wJJ and others, 1D50), the Capitan limestone reef enclosed a
deep basin of \vater and \vas surrounded by a sha]]O\y shelf. The deep
bnsin \yas separated from the open sea, and presumably faciJitatpd the
accumulation and grayity spparation of heavy brinps nnd the chemical
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prpr'ipitation of the evaporite rocks that comprise the Castile forma
tion. The basin eYentually tilled, bnt the deposition of evaporites
continuerl and spread across the shelf area, at least to the north and
east, wllPre the Sa lado format ion is sti]] preserved under covel' of less
soluhle rocks. Hocks of the Hustler formation represent continued
deposition of entporite rocks with some iuterruptions. The interval
of enqlOrite deposition \vas terminated tinally \vllen the clast ic rocks of
the Piprce Ca nyon redbeds werc laid down.

The terlll Cast i Ip, as first used by Richardson (lD04, p. 4:3) was
applied to the several IlluHlred feet of cracked and cavernous gypsum
that underlies the Hnstler formation and overlies the Delaware Moun
tain gronp at the surfaep in \Yest Texas and sontheastern Ne\v Mexico.
Drilling iurlicates that the interval represented by gypsnm at the snr
face consists of a thick seqllence of highly soluble enlporite rocks in
thp snbsndace, illcludi nl!' most ly anhydrite, CaS04 , in the lower part
of the sequencp and Illostly halite, NaCl, in the upper part. vVells
that have penetrated the enqlorite rocks in the Nash Draw quadrangle
are listed in the table helm\'. Lang (lH0il) restricted the term Castile
to the lower pa rt of this thick pnlporite sequence and appl ied the name
Salado halite to tllP npper part. Each of the 1\\0 formations is about
:!,OO() feet t h ielL

The Castile formation, as mnch as :2,()()O fpet thick in the subsurface
in the vicinity of the Xash Dnl'" quadnlllgle, is composed chiefly of
lllassiYe anhydrite, limpstonp intel'bminatpd with anhydrite, and halite
in hpds as nlllch as SPH'ra1 llll\ldrl'd feet thick. Tlte Castile formation
0\'('1'1 ies the Lamar 1iml'stOlll' l1W11l bel' of the Be11 Canyon formation
of tlw Delawarc Mountain group, also of Permian age. Exposures
of the Il'ss soluhle portions of tlte Castilp formation may be viewed
in roadents on l'.S. Iligh\vay G:2 Hlld lS0 sontlt of Carlshad Caverns
lwar the Texas bonIer. Thl' Castile formation is laterally bounded
hy tIl£' rppf of Capitan limestone, which is genl'rally interpreted as
l>ping 1:lrgl'ly older than the Cast ile.

TIll' Sa1:ldo formation consists of thick beds of halite and anhydrite
,)])(1 thin !>prJ:;; of siltstone and polyhalite. IC~{gCac (S01)1·21I"O.
Beds loca lly rich in syhite, ICC!. and other solnbll' potassium minerals
constitnte the \'alnah]p potash ores. The upper part of tllP Salado is
clwracterizPfl by a leacltpd zonp that consists largl'ly of unconsolidated
rec1flish-gl'ay to lmmn silt and clay with varying amonllts of brecciated
gl'ay 01' I'f'd gypsnm. 1t is f'stimated that the thickness of the leached
zone is nmghly O1HL thil'fl to one-tenth tIl(' thicknpss of tlw original
rock that \nlS pl'l'sf'nt. BpCnllSf' the halite has been removed, some
gpolo,!!:ists haw inclllflNl the If':lf'l!pd zone with the RustleI' formation
for convf'nif'llc(': hnt tllP ZOllf' is most appropriately inclnded with the
~alaflo fonnation. if not re!!:al'fletl as a spparate nnit. The zone has
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variable thickness and lithology, an(l is of significance because it may
be saturated with brine and is locally a prolific aquifer. Because it is
iTll'ompetent allll has a tendency to slump or flow iuto cavities, special
pmcautions are advisable where this zone is encount.ered in shaft.
sinking or other engineering works.

Wells dri17e·d below Permian evaporite rocks

[Elevations from various sources, Including Government records and industry reports. A query following
an elevation indieates that it is not consistent with thc form contours on pi. IJ

Name of operator and lease

Ralph "Iix, NO.1 HaIL _

Richardson and Bass, No.1 Fidcl
Federal (oil well).

Stanolind Oil & Gas Co., No. 1
Duncan.

1. W. Bosworth, No. L .. __

M. D. Bryant, anel others, NO.1
Wllliamson.

Richardson and Bass, No.1 Legg (oil
well).

Ohio Oil Co., NO.1 Workman.. _

Hand W Drilling Co., "10. 1 Van
ford.

Shell Oil Co., NO.1 James Ranch
(gas weill.

Hall and WiHsDriHing; Co., No. I-X
Fogarty.

Wills, and others, No. 1 Montg;o
mery.

Oontin('ntnl Oil Co., No.1 GardnPf.

I Top of the "Delaware sand,"
2 'rap of the "Delaware lime."
3 Top of the UDell Canyon."

Location

C SEl,SEYI see. 21, T. 21 S.,
R. 29 E.

C SWl,SWY; sec. 27, T. 21 S.,
R. 29 E.

C SE)4SWY; sec. 30, 1'.21 S.,
n. 30 E.

SEHSEH sec. 8, T. 21 S., R.
31 E.

C NWHNV{h sec. 10, T. 21
S., R. 31 E.

NWl,NWl4 sec. 27, T. 22 S.,
R. 30 E.

SW14SWhSW14 sec. 13, T. 22
S., R. 29 E.

C SEHSEh sec. 9, T.22S., R.
29 E.

S\V14SEy, sec. 36'r.22 S., R.
30 E.

C SW l'SW!.' sec. 14,1'.23 S.,
R. 29 E.

S\VhS\V>4 N~% sec. 10 T.
23 S., n. 30 E.

NEMNEHS\VH sec. 34, T.
23 S., R. 31 E.

Elevation (feet)

I Total
Permian dcpth

Ground I massi ve salt drilled
surface (feet)

I '['op I BaseI

---------

3,420 2,870 1345 3,334

~, 4~~ 2, 943? , 180 10,425

3,320 2,977 '-139 3,658

3,407 2,672? '-531 4,505

3,615 2,665 , -~20 4,287

3,309 2,779 3-443 15,854

3,050 2,730 3 -105 3,260

3,246 2,957 3-124 3,322

3,326 2, 596? 2-504 17,555

3,003 2,731 '-52 3,144

3,129 2,769 3-444 3.715

3,455 2,500

I
'-865 4,410

I

I

I

I

~

DESCRIPTION OF OUTCROPPING ROCKS AND DEPOSITS

Rock exposures in the Nash Dra w quadrangle are relatively abun
dant, but contrary to what might be expected, they are poor for strati
graphic study. This is partly because of the low relief, partly because
of the slumping and warping- that has accompanied the formation
of a karst topography, :lllrl partly because of the widespread nature
of the late Cenozoic deposi ts, For these rea SOlIS it is nearly impossible
to piece together suitable stratigraphic sections from surface ex
posures alone. Drill data are therefore an important supplement to
a study of these outcropping rocks.

In connection with the selection of a site for the Gnome project,
the U.S, Atomic Eneq.,ry Commission drilled a test hole to a depth of
1,flOO feet near the center of sec. M, T. 23 S., R. 30 E. The core re
covered from this hole was described by Moore, 1958. The description
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of the upper 725 feet of this core was used as a standard of reference
for many of the stratigraphic units as they were mapped in the field.
The core log is therefore reproduced below with minor modifications
and shown graphically in figure 3.

Gatuna formation

. . . . . . . . .· .. . . . . . . . .. . . . . . . ...........· ,..........· .· . . . . . . . . .· .· .

O'~~~#~-~===:-:::::=:-I----;-II· . . Dune sand with patches 0::

of caliche ~ ~

««
=>2
a

Gypsum

Dolomite

Siltstone

Halite

Anhydrite

~
~

~
L:.::J

Limestone

Sandstone

•

EXPLANATION

2
::;
::>'
0::
W
a..

u
(f)
(f)

«
0::
f-

0::
o
2
«
::>'
0::
W
a..

Pierce Canyon redbeds

Unnamed pa rt

Culebra dolomite
member

Magenta member

Tamarisk member

Forty-niner member

· ..... , .... . . . . . . . .

"'-"'-"

· . . . . . . . . .· . . . . . . . . .

... - ... _.

600'

200'

400'

300' ~~'~'~'":#-~';:s''~j---------I----r--~

100'

. . . . . . . . .· .

.. _ ... 
"'-"'-'"

Salado formation
700'

------~~Total depth drilled 1500 feet Lowest formation
found was the Salado formation

[;'IGrRE 3.-Litho[ogic log of core from AEC drill hole 1, Rec. 34, T. 23 S., R. 30 E.
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Lug of tile /lpper part of tile core from U.S. Atomic Energy Commission drill
holp 1, p(,l1ter 8ee. 34, T. 23 S., R. 30 E., Eddy COl/l1ty, N. Me'c.

[Description modified after G. W. Moore. See complete log in 1\[oore (1!l5R). Only 3 ft
of core werfl recoyer('d from the top B5 ft of hole. Df':-:criptioIl~ of that part are inter
preted mostl~· from ruttings anel ell'illin;:: sl,,,eds]

Snrfi"ia] ~and and "aliche:
Sand, fine-grained, light-brown, well-rounded, unconsolidated _
Lillle~tone, white: contains fine-grained quartz sand; well in-

durated _

Sand, fine-grain(,d, light-brown, fairly well rounderi, very friable _
Gatnna forlllatioll of Plei~tocene( '!) age:

Sand~tolH', llIe(lium-graine(l pale rpddi"h-hrown; scattered pebbles
3 mm long: caleitp cement.: yield~ water _

Conglomerate, pebblp. pale-red: pebbles 5 nun long of limestone, silt
~tone, quartzite: mat.rix of c·oar~e-graiIH·d welJ-in<1l1rated sand-
stone; calcite eemenL _

Sandst.one, meriinm- t.o ('oar~e-gTained, pale-rpd; scattered pebbles 3
mm long: friable: yields 'yateL _

Sandstone, mediulll- to ('oar~e-grained,1Il0c]eratc-brown. friable _
Pierce Canyon redbeds of Permian or Triassie age:

Sandstone, very fine grained. lIlouerate reddi~h-brown; JJa~ light
greenish-gray spots 2 nllll long and about 1 elll apart; ealcite veins
0.5 lllm thiek: jloorl.\' lndurateri except. ba~al 0.5 ft, which is fairly
well indurated: calcareous cenll'nL _

Siltstone, sandy. moderate rp(](lish-hrown: light gr<eenish-gray spot.s
1 to ,"j nIHl long ami ahout 1 ('m :lpart; rare calcit.e veins 0.5 IllIll

thick; fairly wpll indurated, slightly fis~ilp, some caleare-
ons celnent _

Claystone. silty. lllodemte reddish-brown; light greenish-gray sjlots
2 lIun long: poorly indurated: pla~tie _

Siltstone, sandy, moderate reddish-brown; light greenish-gray ~l)ot~

1 to ;; mm long and about 1 cm apart, several light.-green layers
0.1 ft thick; rare caleite vein~ 0.'> nun thick; fairly well indu-
ra ted; slightly fis~ile: ~ome calcareous cemenL _

Sandstone, mediulll-grained. moderate reddish-lJrown with lig'ht
greeni~h-gray pa tehes r; ('m long-: ~and grains a 1'1' well rOlilided,
well sort.ed: a few ('alcit~ veins o.r; mm thick: fairly well
imluratpd to very friahle: yields wateL _

Siltstone, sandy. moderate reddish-brown; light greenish-gray
spots 1 to 10 Imu long; and abont 5 cm apart: some cal{'ite vC'ins
llIIm thi('l,: fairly well indurated, sJig-htly fissil('. eakite ('ement.;
below 217 ft. are blf'bs, 0.5 to 1 nUll long, of gypsum about :i
mm aparL _

Rustler formation of Permiiln age:
Forty-niner member:

GYjlS\llll. olive-gray, crystals 1 ('Ill long; m<l~sively bedded:
masse~ of Hnhydrite. ;; ('111 thick in hasal 2 ft; upper coutact
irregular beCnll~f' of ~olutioIL _

Anhydrite, olive-gray; crystals 1 mm long: ~ome gypSUlll
crystal~ throughol1t pspecially near top and bottom; massively
bedded; conta('t~ are gradationaL _

nepth
(feet)

7.0

10. 0
43.0

-15.2

4r;.7

53, 0
80. 0

84.;;

120. 6

120.8

159.0

166. ,-;

291. 5

297.7

318. 0
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LO{l of tll(, IIlJP(,J' PlIl't of the cOre fJ'oln U.S. Atomic ],'ncrY1! Commission drill
hole i-Continued

Rustler forlllation of Permian age--Continued
FortY-lliner mt'mber-Continut'd

Gypsum, olive-gray; crystals 1 cm long; masses, 5 cm thick,
of anhydrite in top foot; massive _

Siltstone, greenish-gray, friable _

Siltstone, sandy, moderate reddish-brown, brecciatt'd; contains
breeeia fragments of gypsum roek 5 mm long; fairly
well induratt'd _

Siltstone, sandy, moderate rt'ddish-brown with light gret'nish
gray s[lol s 1 nun long and 5 mm apart; upper 3 ft fairly well
indurated, basal part very friablt'; some eaJcareous ('t'lllt'nL_

Siltstone brt'cl'iu, modera te reddish-brown with irregular light
greenish-gray spots 3 lJIm long; fragments of siltstone 10 mm
loug, some gypsum fragments; fairly well indurated; eal-
eareous eelnent _

GYP~lUn brecda, grayish-purple; fmgments of gyjJSUlll and day
stone laminae 1 to 2 em long; well indurated; ealeareous
cemen t _

Gypsum, grayish-red; erystals 5 cm long; abundant patehes
of anhydrite 5 em long: gTuyish-re(} stylolites with amplitudes
of 1 mm about 1 ern aparL _

Anhydritt', oJin'-gTay; gradational with unit abo\'('; lower 6 ft
has thick 1 (~!ll fibrous wins of g'y!lsum, approximately
parallel to tht' bed(ling- and;; cm apart: lower 6 ft has alter
nating grayish-red and greenish-gray bands 5 em thick; grada-
tional with unit below _

Magt'nta lllemlJPr:
Dolomite. g-rt't'nish-gray with somt' g-rayish red-purple layers 1

('m thick; YNy fine graine(1: basal part has wavy lentieular
01' crossbedded texture; basal 1.i5 ft porous with solution
cavities 1 nllll long _

'Siltstone, dolomitic: upper 0.(; it greenish gray, lower part
grayish refl-purple; slig-htly fissile _

Dolomite, silty, gra~'ish rf'd-[lurple with some greenish-gray lay
PI'S 1 ('m thi('k: has waY~' If'nti('ular bedding; fibrous gypsum
veins, 1 em thiek, parallel to !wdding, average 10 em aparL_

Tamarisk member:
Anhydritp, grayish-rt'd to greenish-gray; has a few veins of

gypsum, 1 ('m thiek. pa rallpl to bedding and some masses of
gypsum, ;) ell) thiek: solution cavity 1 cm long at 432.9 it;
massiYe, m i"ro('rystalline _

Cla~'stone, hl'ownish-blaek: somp frag-ments of gypsum " mm
long-: IJlastic: sliekt'nsided _

Anhydrite, grepnish-gray: masses of g-~'IJSum, " cm thiek,
abun(lant in upper 2 ft and lowpr n ft: massivt' _

Siltstone, grppnish-gray: contains hrpc('ia fragments of gypsum
ami e]aystollP 1 to :; ('m long: fairly well indnrated; some
('a len rpons cPlllPnt _

Riltstone. grayish-n'll : has brpC'l'iated ,!!:ypsnlll bpds, 1 pm thick,
nbout :; ('Ill apart: poorly induratpd: plastic _

Depth
(feet)

327, 5
327.6

328. 0

337.;;

338.4

339.8

350.0

360.2

367. 7

3()9. fi

3S0. :3

441. fi

441. 7

472.0

473.4

477.2
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[,og of the upper part of the corc from U.S. Atomic Energy Commission drill
hole i-Continued

Rustler formation of Permian age--Continued
.I<'orty-niner memllE'r-Colltinued

Gypsum, greenish-gray: crystals mostly 2 mm long; some clay-
filled fractures; massiye _

Claystone, oliye-gray, slkkensided: contains breccia fragments
of gypsum 2 nUll long _

Gypsum, oliye-gray: crystals 1 mm long; massiye; some an
hydrite layers 10 em thick; basal 0.4 ft. has clay-filled
solution cayi ties _

Culebra dolomite member:
Dolomite, light oliye-gray, microcrystalline; cavities 3 mIll long

ami oj mill apart; solution cayities: brecciated; yields wateI"-_
Unnamed lower member:

Siltstone, clayey; upper o.n ft. dark greenish gray, lower part
grayish red: abundant breccia fragments of gypsum 1 cm
long; poorly consolidated: plastic _

Gypsum, oIiYe-gray; mosLly crystals 1 llUll loug but some patches
have crys! als 10 ('TIl long: massiye _

Gypsum breccia, oliye-gray; angular fragments of gypsum 2
cm long in a matrix of greenish-gray clay _

Siltstone. clayey, moderate reddish-brown; a few light greenish
gray spots 1 cm long: ahundant gypsum and siltstone breccia
fragments 2 cm long; poorly consolidated; plastic _

Gypsum, oliye-gray; crystals 0.5 mill long; a few stylolites;
massive _

Siltstone, dayey, modera te reddish-brown; fragments of gypsum
1 cm long; poorly consolidated; plastic . _

Gypsum. silty: alternating layers of oIiYe-gra~' gypsum arl(l
grayish-red siltstone 5 cm thick; fairly well indurated _

Siltstone, sandy, grayish-red to greenish-gray; fairly well indu
rated in part; some dolomite cement; gradational with unit
below . . __

Sandstont', very fine grained, silty, greenish-gray, brt'cciated;
fragments In-erage 5 ('m long. friable; basal 3 ft. well indu-
rated with dolomite cemenL _

Salado formation of Permian age:
{'PllE'r leached zone:

Siltstone, grayish-red: abundant breccia fragments of gypsum 1
cm long: gypsum veins 1 mm thick: poorly consolidated:
plastic _. . _

Gypsum, oliye-gray; crystals 2 mm long; massiye _
Silbtone, g-rayish-red: almndant gypsum fragmt'nts 2 mm long
Gypsum, pale reddish-llfown: crystals 1 111m long; massiye;

probably altered frolll polyllalite _

Siltstone, grayish-red: sOllle pale reddish-brown gypsulll frag-
ments 2 em long__ . . _

Gypsum, pa Ie reddish-bro"'n _

Siltstone. clayey, grayish-red; abundant gYPSlIlll fragments 1
cm long; very poorly indurated: plasti(' _

Depth
(feet)

482.6

482.8

497.4

529.0

;'37.2

550.4

551. 5

561. 5

:>65. 1

570.8

576.2

586.0

649.9

652.3
652.5
652. 8

653. .j

654.1
654.3

660.1
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Log of the upJler part of t/le core from U.S. Atomic Rnergy Gomrnission drm
hole J-Continued

Salado formation of Permian age-Continued
T'pper leached zone-Continued

Gypsum, pale reddish-brmYn; crystals 1 em long _

Siltstone, grayish-red: abundant fragments of gypsum and
sandstone 1 to G em long; poorly indurated; plastic _

Gypsum, moderate-red; bedding dips 300 in eore _
Siltstone, clnyey, grayish-red: scattered fragments of moderate-

red gypsum 1 cm long; poorly indurated; plastic _

Gypsum. moderate-red; crystals 1 em long, breeciated in parL_
Siltstone, clayey. grayish-red; Rome fI'agments of moderate-red

gypRum 3 cm long; plastic _

SandRtone, ,-ery fine grained, pale reddish-brown to greenish
gray, massiye; friable except basal 0.4 ft, which is fairly
well indurated _

Siltstone, clayey, grayish-red; abundant fragments of gypsum
and sandstone 1 to i'i cm long; highly contorted; poorly
indurated; plaRtic _

Gypsum, o!iye-gray; crystals 2 mm long; bedding contorted;
altered from anhydrite _

Gypsum, moderate-red: erystals 1 mm long; probably altered
from polyha!i te _

Siltstone, clayey, grayish-red . _
Gypsum, oliYe-gray with grayish-I'ed stains _
Siltstone, claypy, grayish-red; contacts contorted _
Gypsum, oliye-gray, massiye _

Siltstone, ('Iayey, grayish-red; fragments 1 to 5 cm long and
broken beds of sandstone and gypsum; poorly indurated:
plastic _

Gypsum, oliye-gTay ; crystals 1 mm long; massiye _
Anhydrite, gTeenish-grey, microcrystalline; basal 0.6 ft silty;

luassive _

Siltstone, dayey, dark greenish-grey, poorly indurated,
plastic: basal 0.2 ft grayish-red _

Anhydrite: upper 0.4 ft grayish red-purple. lower part green-
ish-gray; massi ye _

:\lassiye salt and sUlphate zone, nnlpached :
Halitp, pale ypllowish-brown: crystals 1 em long; 2 percent

polyhalite in blebs 1 to 10 mm long _

Interbeddpd halitp, anhydrite, polyhalite, and siltstone. See
deta ilpd description in :\loore (1\)58) . _

RUSTLER FORMATION OF PERMIAN AGE

Depth
(feet)

660.4

664.2
664.4

667.7
668.5

670.2

672.6

684.5

685. 2

685.8
686.0
687.3
687.8
688.6

6\)4.0
6W.\)

706.8

708.1

709. 7

725.0

1,500

The Hustler formation ,,-as named by Richardson (1904, p. 44) for
exposnres on the Hnstler Hills in eastern Cnlbersoll Connty, Tex.,
anll it was descrihed as consisting of 1;;0 to 200 feet of caleareous buff
sandstone overlain by fine-textured white magnesian limestone. These

6487120-63--3
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units are thonght to rpprpspnt only the Imver part of the formatioll
as the name is now uSt~d in sontheastern New Mexico. In the Kash
Draw qlladranglp, the Hustler formation probably ranges from about
200 to 400 feel, thick, dppending in largp part on how much of the for
mation has hrpn removed by solntion at depth and by erosion at the
surface. It consists chiefly of gypsum (or anhydrite in t Ilf\ subsurface)
interbedded with dolomitic limestone, interlaminated dolomite and
<mhydrite, siltstone, anel, in the subsnrface, halite. The base of the
Rnstler as it ,,'as originally deposited is now separated from the top
of the massive salt iu the Salado formation by a Ipached zone (about
60 ft thick in AEC drill hole 1) that represents the lnsolnble residue
left after removal of halite in the Salado by ground water.

The lower part of tllP RnstleI· formation, consisting of about 120
feet of siltstone and very finp grained sandstone with several interbeds
of gypsum or anhydrite, ,vas not recognized in outcrops of the Nash
Draw area but was penetrated in the AEC drill hole 1. Overlying
the lower part is the Culebra dolomite membpr, consisting of about HO
feet of uniformly fine textured microcrystalline gray dolomite or
dolomitic limestone. Adams (ID44, p. 1(14) credits "V. B. Lang with
naming the Cnlebra for Culehra Bluff on the east side of tlw Pecos
River, about 4 miles \lortheast of Loving. The rock is characterized
by llUll1prOnS small nearly spherical ca \'ities that range from about 1
to 10 mm in diameter. These cavities are present both in surface
exposures of the Culehrn and ill eore taken from the A~C drill hole 1
and therefore arc presumed to hI' either a primary or a diagenetic
phenomenon and not related to surface weathering. Some of the
cavities are parIy tilled with secondary gypsum and calcite, but most
are open. There seems to be little or no tpndency for the cavities to
be connected, as might be expected if they were formed by solution in
a homogeneous rock. These features suggest that they were formed
by the solution of t1 highly soluble mineral aggregate or by the in
clusion of a gas or liquid at the time the sediment was soft. Locally,
the Culehra is finely oolitic, and the individual oolites are less than 0.5
mIll in diameter.

Exposures of the Culebra dolomite member are in the southern part
of the Nash Draw quadrangle, east of Salt Lake where the rocks are
lorally deformed by solution collapse, which has caused the outcrop
pattern to be irregular. The Culebra outcrops are brecciated locally.
For this reason the Culebra was not seen in normal stratigraphic se
quence with the underlying and overlying rocks in the Nash Draw
quadrangle.

Overlying the Culebra dolomite membel· is the Tamarisk member
of the Rustler formation. The Tamarisk consists of about 115 feet of
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Illassive gypsum in exposmes but is ehiet1y anhydrite and loeally
gypsum in the snbsnrfaee, except for :1 bed 6 feet thick, of siltstone
about:2O fppt abon~ the basp. The siltstone is thought to rpprespnt the
insoluble rpsielue from a halite bed in the snbsurfacp (.lOlles and
othprs, lOGO, fig. 1), This mPlnber forms a broad expanse of harren
outcrop 2 to ;j miles widp and ahout 7 miles long east of Tamarisk
Flat, from ,,'hieh the Wlnle is here taken.

Typieally tIl(' T:lnl:trisk meJllhet' is massive and ('oarsely crystalline
in Oll(TOp. ~rassiYe IJPels ('onsist of gypsum crystals that arp 0.;') to L')

em ",ide and are a \\"hi! ish-gJ'ay ('0101' locally I inted reddish or green
ish. lIo\\'e\'er, in lllall)' exposures \vhere the slope is gentle, massive
gypsnm ll:ts bePIl aItereel at the sndace to a softer textllred light-gray
gypsum ]'(wk ('ompospd of loosply pad,pel gypsnm grains about 1 !lllll
across. This surfieially alterpd gypSllnJ grades almost imperceptibly
into alillvial gypSlllll or gypsite in which the individnal grains have
been reworked by \\'ind all(] runoff IvateJ' into all alluvial sand com
posed (' h idly of gypsum. X0 surface sections of the Tamarisk member
wore measured be('a use of the un i\'('J'sa I distOltion ill outcrop. Surfi
cial deformation has ('allseel the member to be draperl into large ir
regular folds and 1ilted blocks \\"ith dips as great as 4-5°. (See fig. 4-.)
In gpnpral, the dips are to\\"a]'(l slIrfa('e deprpssions or dry lakes.
Lo(:ally, the nlPm bel' has beell l'pnlOvpd by sol lit ion, and the overlying
and underlying parts of the formation are in contact. Hollow blisters

FICJUHE 4.~fH~ep!;· tiltN! Tamarisk m~mber of tb~ Rustler formation. Vi~w Jooking SQuth
from a ]loint on the ricJg~ in the SW'4 soc. n. T. 2:3 S., R. :30 E.
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~ to 10 fpel in diameter "ith a shell as mueh as 1 foot thiek have
formed 10cn lIy, )lPl'haps t Ilf' result of the volume increase that accom
pall if'S I he hydra t ion 0 f <\ nllydr ite lO gypsum.

O\'\'rlying" the Tama risk memlwr of the Hustler format ion is the
~fagPl1ta IlH'lllber, about ~() feet thick. Adams (lH14, p. 1(14) states
t lwi, J.nng nnnwd tlte ~Iagell[a member after Magellia Point, whieh is
tlw IJluJl' llOrtll of ;-:<\11 Lake, One of the uest exposures in this area
is in a slllall ('allyon that has Cllt bnck into the bluff about 1 mile south
of tlte plant site of II\(' lntel'llational ~lineral and Chemieal Corp.
Tile Magenla is dtarncterized by alternating Jamiww of dolomite and
anhydl'i1e (01' gypsum) arranged ill wavy or lenticular laminae 0.2
to;;' em ihil'1;: (fig. r)). Bedding surfaces have a uotryoidal appear
allce. Lanlinae of dolOIllite are pale red to grayish orange pink, and
laminae of anhydrite or gypslIln are pale yellm'ish green. Aliero
.'-;('opic examination shows t!ololllitr and anhydrite crystals intergrowll
in varying proportions. The dolomite lwing more resistant to weath
pring thall the anhydrite or gypsum, stands out in high relief. The
Jit]lOlogy is so distinctive that it is possible to recognize the Mageuta
lJlPlllbel' frolll \\'l'atllered fragments in the soil. 'Vhere snLjeeted to
illrelise leaching as ill some collapse areas, the rock has becoJl]r brpcci-

FIGURE G.~-,I\ra~enta member of the Rustler formation f.:.howing- characteristic wavy lami
nation of dolomite and g~rp::;um. View in narrow canyon in sec. lB. T. 22 S., R. 29 E,
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ated, and the gypsum partly dissolved a,Yay or rpcryslallized: lml the
,Yavy laminae of pale-red dolomitp (or dolomitil~lilllestone)still per
mit a positive identification of the Y[agpnta memher.

COl'O from .\ EC drill hole 1 contains abont ~ fpet of dolomitiC' sill
stone np,lr tllP middlp of the }bgenta member, but this bed ,vas [lot
rpeop:nizpd ill the :-:nri'al'p ('xposnres,

'flIP Forty-niner nlPlllber of til(' Hustler formation as named herein
on'rlies till' :\fagpnta nlPmlwr Hnll forms the YOllllgest unit of the Rust
leI' ill the Xash Dra \\" qWldnlllgle. The name is taken frolll Forty
lIinpr Hidge on thp past side of ~ash Draw \"herp tJw, member is
pxposed on a minor blllli:" !wlo\\' LiviugStOlI Hidge. Tn ontcrop tlw
Forty-ninPI' nl('nlbpr l'OllSiHs of abont +0 to Ii:; fept of broken and
sllImppd gyPSllllI and n bpd of massi\"e siltstone lleal' the basp, The
bed of siltstone, nbout:) to 10 fPPI thick, is separalpd fl'Olll tlll' }Iagenta
lllPI1lJH'r by nbolll :!~ fpel of gypSlIlll all(l anhydrite in the .\EC drill
hole 1. Tn SOIill' outcrop,.; the gYPSlll1l IJas Iwen almost pntirely dis
soh'ed away. Thp ,.;illstone is pspPl'ially cOIlspi('IIOUS bel'allsP it is mod
erate lw}dish-orange ",ith light-gray cirC'ular spots 1 to [) mm ill
di:lllll·ter, and 1)('(':I11:-:P it is friablp and \\'patllPr,.; mol'(' pasily thnn till'
do]mllite amI gypSUlIl allOW and lwlu\\", This lwd is Ilparly indi.~

1inguisllable frolll "OIIIP I~ua[el'llary allin'ial lIlalprial, PXi't:'pt \\lll'rp
tho norlllal stratigraphic S]](:l'es"io]l is "isible. This 1)('d is thought to
rE'prpsPIJ( til(' illsolulJle rpsilhl(' from n bt:'d of halite thal has bpell I'P
ported frolll tll(' "ubsllrface 10 tlweast (.fOlIPS nnd othprs, 1%0, tlg. i),

~\ b(~d of g'ypSlllll :il)Ollt :\:) fl'pt thick o\'prlil'S tlle )wd of Il1ns"j"e silt
stolle jllst clesc'I'ibe<l and fOl'lll" [lIP lop of the Forty-Ilillpr 1l1l'1l11H'r of
tlw Husl1pr formation, I';x('('pt for tIlt:' tllicknpss :lnd "ITnl igrnphic
positioll, this!.!.'Y[J"lllll ],l'd is <litricult to llistillguisll in OUll'l'(1\) fJ'()lll
tIJI' Tarnari"k llll'lllbpr. III outcrop it cOIl"ist" of ll1nssin~ al!d ('o:ll"sply
l'rystnlline gypSUlll \\"ilh:l \yIJilish-grny ('0]01' 10l'nlly tilltecll'pddi"JI
alld grpPllish, hut Oil Q'('lillp "lopes the gypSUlll lJPl'OlIlI'S al1l'n'll to ~()fl

friable 100"I'-tpxtllrpd g'ypSlllU "alHl or gypsi/e 1hat gradps illl0 :l1hl\'ial
gypsum wh icll has het:'n rt:''''or];:ecl frolll the olltel'Op, TIL 11l(' Slih
"urfac('. allll,\'llrite i" ('olllillonly prp~Pllt inste:lCI of gypsulll,

5urlieial clefol'lllat iOIl charact('rizps expOSUf('S of 1he gypSllJll :llld
s1Talifica(ioll i" ohsclll'l'll or oblitel'atrrl (Jig, G), Small caverns,
sohltioll·elllnrgpd joints, and sinkholes (fig', ]3) 01' play:),.;
cOllllllonly llot thl' slll'fnC(' nudprlain by the Forty-nil\er DH'lTl

))('1' and llt:1ke tl':l\'pl II:l;l,nl'llull";, 111 plncps, larg'p ('irc1l1:11' depression,.;
as 1l1111'1I as SI'\'pr:tl 111l11lln'd fel'l ac]'(Jss, parlly lilled \"it!] playa ,)..
posits, :Itj('st [0 tlIl' :1I1l0111l1 of I'Ock tl1:llh:\s bppn J'('!1lo\'pd Ily solution.

T1IP ('on1:]('t of 11](' FortY-llilWr nH'Ilt!H'r of tIl(' I~Il:-:lll'r f01'llial j01J

alld tllP on'dying Pierl'e Canyon rpcllwds i" obscul'eclhy s\\,pIlillg :illd

•
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FIGURE 6.- Broken and ~Jl1mIled ollttrop of gypsum in the Forty-niner memher of the
]{l1~tl(-lI" formntion. Xotp that hedding and attitude are obscured. View looking nortlJ
,,"pst ncI'Of'S narrow ('<lnyoll in sec. 13, T. 22 S., H. :l9 E.

defOl'mntioll of the gypsum in nearly all exposures throughout the
Nash Draw quadrangle. In a typical outcrop of the contact, such as
in the SE~ sec. 20, T. 2;) S., R. :30 Eo, mounds of gypsum :) to 10
feet high and from 10 to several hundrell feet alTOSS project np\nll'd
into the Pierce Canyon redbeds. Except for this deformation, hmv
8\'er, 110 evidence was seen to snggest an unconformity at the base
of the Pierce Canyon redbeds. Core from AEC drill hole 1 shawl"
a slwrp horizontal break at the eontaet from white gypsum lwlo,," to
lliodel'nte reddish-brown siltstone nbO\'e.

No fossils were found in the nnstl<'r formation during this in\'csti
~!.'ation, amI none have been reported from the formation in New
:,\fexico. In Culberson Coullty, Tex., fossils bave been reported from
the lower part of the Rnstlel' in and lwlo,," I'oeks equintlent to tIlE'
Culebra dolomite member (lYalter, 1D:j:3). The fnuna consist s of
::,J species of mollusks that lived ill almorma]Jy sn Ii ne \vater. The
fauna is thought to be the youngest of Permian age so far found in
Korth "\Illerica ('Yalter, In;'):}). The upper lInfossiliferolls part of
the Hustler might be Permian or Triassic,

PIERCE CANYON REDBEDS OF PERMIAN OR TRIASSIC AGE

The Pierce Canyon redbe(]" "pre first desl'ribPfl by Lang (1 n:\;l.
p. :2(4) from a drill core taken from the Means ~o. 1 well ill Loying
County, Tex., as "fine sandy to earthy redbeds, polka-clotted ",ith green
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reduction spots and usually irregularly veined with thin secondary
selenite fillings." He further states that "a fair outcrop is present
in the vicinity of Pierce CanyOlI," a small tributary to the Pecos River
about 5 miles south of the Nash Draw quadrangle. In a memorandum
to George V. Cohee, dated April 29, 1D5D, Lang states: "This canyon
was the only significant and suitable geographic feature then available
for giving name to the formation, although better exposures were
known to exist along unnamed ridges (Livingston, for example)."
Indeed, excellent exposures are present at many places along Living
ston Ridge and Maroon Cliffs in the Nash Draw quadrangle, and if
these names had been available, would have be'>!l much more suitable
type localities because the exposures along Pierce Canyon are nearly
all in the Gatuna formation of Pleistocene (?) age, part of "'hich is
red, and might easily be mistaken for the Pierce Canyon redbeds of
Permian or Triassic age.

The Pierce Canyon redbeds are probably about 200 (0 250 feet thick
in the Nash Dra w quadrangle, though this thickness was not measured
in surface exposures. Except for a few places in the northern part of
tlIC area, the upper part of the formation is eroded back from the face
of a scarp that forms the eastern margin of Kash Draw. The contact
of the Pierce Canyon redbeds with the overlying Santa Rosa sandstone
is mantled by a con'!' of caliche <llld sand.

The Pierce Canyon redbeds are characteristically moderate reddish
orange to moderate reddish-brown sandstone and siltstone that is
thinly (OJ) to 1.5 mm) laminated and has very small scale cross
laminae with sets ranging from about 0.;) to 2 crn thick (fig. 7).
The grain size of the coarser particles is O.OB to fl.;) mm; tIl(' particles
are set in an abnndant clay matrix. In some sampl"s the laminae are
formed by alternating bands of silt (0.0;:) to 0.06 mm) and fine sand
(0.1 to 0.3 mm). In other samples, hematite stained clay laminae
alternate with lighter colored silt laminaE'. Small cunent and oscilla
tion ripple marks are present in some laminae ill the upper part of the
formation (fig. H). Snbanguln r to snbrounded clear qllartz is the most
abundant single mineral grain and chert and feldspar the next most
abundant. Muscovite, biotite, rock fragments, and opaque minerals
together generally make urless than 10 peI'('en! of the mineral grains.
Clay, amounting to about lil to :21) pE'l'cent of the rock, is stained red
and forms the principal rock cement though calcite and gypsum arE'
locally abundant. D. N. ~TilleI', .Tr.,' ,!rives further details regarding
t he texture, mineralogy, alld petrology of the Pierce Canyon redbeds.
~liller (lD;j[)) 1I0!es zones of hollo'" sanidillE' grains in the sandstone

1 ~filler, D, N., .Ir .. 1!JG5, Petrology of the Pierce Can)'on redhed'. Text" and New Mexico:
Ph.D. rlis~prtatiqn, Tpxa~ Univ.
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which he regards as possible stratigraphic markers. Tlwse were not
observed in the present investigation. Miller and Folk (Hl55) suggest
that magnetite and ilmenite are the source of the red color in other red
beds similar to the Pieree Canyon.

FIGURE 7.~Minute trough-type cross-lamination in red siltstone about 40 feet below the
top of the Pierce Canyon redbeds, sec. G, T. 21 S., R. 30 E.

'---------'
I em

FIOURFJ R.-Small-scale osclllation ripple marks in " light-gray siltRtonr lamina ahnl1t 20

feet below the top of the Pierce CaIl~'nn redheds, sec. 5, T. 21 8.. lL :10 E
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The Pierce Canyon redbed~ crop out chiefly around the north and
ea.s! marg-ins of Nash Dra \Y. The best exposures tLre 011 the west tip of
Livingston Hid/Ll'; neal' the bOllndary between sees. 28 and 29, T. 22 S.,
It nil E.; near the IlOlllldary between sees. 1'1 and 15 of that same
towlIship; and along Maroon Cliffs, aeross the northern half of T. 21
S., R. no K, allcl extellding- for' ahout 2 miles into the north haH of T.
21 S., R ~1 K The formation is \Yell exposed in sec.lO, T. 22 S., R.
29 E., and onterops occur in sees. i1, 10, 16, 17,20,21,27,28, and 29, T.
2;1 S., R. no K, and in secs. 11, 12, and 14, T. 21 S., R. 29 E. An ex
cellent exposme Rhowing the diseonformity Leiween the Pierce Can
yon redbeds and the o\'erlying- Santa Rosa sandstone is in the railroad
cut ill the SEY~SE]/"!SvYYi sec. 35, 1'.20 S., R. 30 7. (fig. 9). In
somo of the smaller outcrops difIicnlty was encollnt ered in trying to
distinguish bet\wen the Pierce Canyon redbeds and red silt reworked
from the Pierce Canyon into the G:Ltulla formation of Pleistocene ( n
age and identific:Ltion is not everywhere certain. On the west tip of
Livingstoll Hidge, :Lbou( 75 feet of the lower part of the Pierce Canyon
redbeds is exposed, The formation consl~(s of uniform moderate red
dish-browll to moderate reddish-orange siltstone with numerous pale
greenish-gray spots about 1 to 10 mm in diameter, The weathered
expOSUl'e has a distinctly papery appearance when viewed from a dis
tance of several feet, but the laminae are difficult to see at close l'aJl§!e.
The rock weathers iuta chips generally less than 1 inrh across, but

['~H;lJHE n.' -Vi<'1\' or f'aUro<ld (~llf llf'nr !hp ('l'llil'!' of thp .-,:ollth linr, f',('(o, :-:G. T. ~o f:. .• R.:)O R.

Arl'(ny jndiC<lte~ diH'Onfol'lll<tuIIJ eonta('f bl'lw('('lJ thf' Jliefct> Cnnyon ff'tH)P!}'''':, ]11:'1 I)"\\', and
thp SaIl ta Ro~e :::.and:-:tollP. a,boYp.

648712 0-63--4
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some bpds break into fragments 6 inches or more across. Along
Maroon Clift's as much as 100 feet of the Pierce Canylon is exposed.
The following stratigraphic section of the upper part of the Pierce
Ca,nyon redlmds, measured about half a mile north of the Nash Draw
qwtdrangle in sec. 5, T. 21 S., R. 30 E., is typical of most of the ex
posures along :Maroon Cliffs.

Stratigraphic section of the upper part of the P'ierce Canyon redbeds exposed in
the EV2 see. •5, T. 21 S., R. 30 E., Eddy Count1/, N. Me.'/!.

Thi.ckne88
(feet)

8anta Rosa sandstone:
Sandstone, fine- to coarse-grained, pale red, crossbedded: contains

silty dolomite pebbles.
TTneonformity.
Pierce Canyon l'edheds:

Siltstone, sanoy, modNatp reddish-orange; alternating laminae com
pospd of silt and fine-grainpd sand; individual laminae generally
less than 1 mm thick; some strata charactprized by oscillation and
CUlTPnt ripple marl,s ranging from % to 1 in. from crest to crest;
light-gray spots as llIueh as 10 llun across are abundant, and some
thin strata are light gray throughouL _

Siltstone, moderate reddish-orange and moderate reddish-brown in
alternating; laminae: different eolors due to differences in amount
of hematiti,' staining in the Play-sized fraction; minute trough-type
cross-lamination with individual cross lamina gpnerally 0.5 to 10 em
in length; forms ledge. A lpnticnlar spt of medium-scale cross
laminated fine-grainpd pale-red sandstone !lresent locally about 3 to
5 ft. above hase _

Claystone, silty, moderate reddish-brown, nonfissile _
Siltstone, sandy, moelerate reddish-orange. friable; weathers to sloJlP

covered with chips II'S;' than lh in. across _

Siltstone, sandy, lllodl'1'ate rpddish-orange, horizontally laminated and
locally cross laminated in sets a" much as 1 in. thick; weathers into
hloek;, as lIlueh as 2 ft. across and 6 in. thi('k _

Sandstone, wry tine grained, silty, moderate reddish-orange; lami
nated and inter;,tratified with siltstone the same color; light-gray
spots a;, lIluc'h as 10 mm alTOSS ahnndant; forms slope; weather;,
to hlo('ks as much a;, 10 ill('hes aeros;, and 1 1h in. thick. _

Siltstone, sandy, moderate rpddish-orange; horizontally laminated
and loeally cross laminated in sets a;, lIlu('h as 1 in. thick; weathers
to hlock;, a;, mudl as 2 ft. acrORS and Gin. thick _

Siltstone, modprate reddiRh-1J1'Own, laminated; and very fine grained
modprate reddish-orange Randstone : in beds at'; mueh as 1 in. thick;
light-gray spots as much aR 10 mm a('ross ahundant: weathers to
pap<'l'y chips as much aR 4 in. across _

Siltstone, sandy, moderate reddish-orange; forms minOT ledge;
,Yeathers to blocks as mu('!l as 4 in. thick and 10 in. ae1'Oss _

Siltstone. moderate ('eddish-hrown, laminated, ]oeally ripplp-rnarked;
pale greeni.~h-gray Rpots as much as 10 mm across allllndant:
weathers to pajler chips as 11l11dl as 4 in. aeross; hase cOYereel _

35

15
1

11'

16

3

7

3

10

11:>
1nt(,1'"al to tOll of Rustler formation not exposed.
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The Pierce Canyon redbeds represent the beginning of continuous
deposition of detrital sediment following the long period of pre
dominantly evaporite deposition in the Delaware basin and adjacent
shelf ~treas of southeastern New Mexico. However, the abrupt chanbre
in lithology does not necessarily signify a suddpn tectonic or eustatic
movement, but only a gradual decrease in the salinity or depth of the
water plus a new source for the detrital sediments which were de
posited. Certain general features of the Pierce Canyon are especially
noteworthy. The lithology and color appear to be remarkably uni
form. Viewed from the distance of a few feet, the stratification nearly
always appears to be parallel even though small-scale cross-lamination
may be seen on close inspection. The small grain size, together with
the minute scale of primary sedimentary structures, such as cross
lamination in sets less than 1 em thick and oscjBation ripple marks
less than 1 inch from crest to crest, snggests that the silt was deposited
in extremely shallow water extending over a broad flat. Lenses of
medium-scale cross-laminated fine-grained sandstone or siltstone in
the upper part of the Pierce Canyon (fig. 10) probably indicate a,
gradual change towal·d fluvial deposition near the end of Pierce
ea,nyon time. The deposit undol1btedly blanketed the Delaware basin
and part of the shelf area to the north, but the source of the sediment
is unknown. The paleog-eologic setting is imperfectly known because

F"IGURE lO.-View of tIle upper part of the Pierc(' Canyon redbed!" ~h(),\'ilig a lens of ledgf'~

forming- Randy :-<i1t~tone interstratified with typical laminated ~iItstone. Photograph of
canyon wall. N\V1A Rec. 12, T. 21 S., R. ao J1j.
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the correlation with rocks in other areas has not been determined.
To the west of the Dela\vare basin, erosion has removed the formation.
To the east, the rocks may be continuous ,vith similar red siltstones
in the Midland basin of Texas, but the correlation is ullcertain.

A few \Yater wells in the area obtain sufficient water from the Pierce
Canyon redbeds for local domestic and stock use, but in some areas
the fJuality is very low because of dissolved salts,

Exposures of the Pierce Canyon redbeds are commonly tilted or
draped into simple structures as a result of the collapse and swelling
that accompanies solution and hydration of the llm]erlying evaporite
rocks. Some exposures of the Piet'ce Canyon along the margin of
Nash Draw show a downwarping into the topographic depression
that is presumably the result of removal of soluble rocks (fig. 11).
For this reason, strike and dip readings, even on the very apparent
parallel stratification of the Pierce Canyon redbeds, do not necessat'ily
reflect the structure of older rocks.

FIGL'RE 11.-Downwarping of the Pipfce Canyon redbed':'! and a thin cap of cali('he along
tlw north margin of ]"I;af.:.h Draw. Deformation ij-; attributp(] to ~ollition and removal of
solublE' roek;" ('hiefl~' ~a1t. in the subsnrfacf'. Virw of 1\1aroon Cliffs looking soothf",llst
from a point in tlw northern part of sec. 8, rr. 21 S.. R. an E.

The age andcorrelatioll of the Pierce Canyon redbeels are nncertain.
[n the first published reference to the formation, Lang (1935) desig
lateel the rocks as Permian in age. Two ye~Lrs later (Lang, 1937,
rootnote p. 876) th£' designation was changed to Triassic, because, a('
C'ording to Lang (194-7), the Pierce Canyon redbeds grade into, and
are in pari contemporaneous with, the overlying Santa Rosa sandstone
ill the Dockum group a r Late Triassic age. This interpretation is
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believed to result from the fact that lenses of cross-laminated sand
stone, apparently of fluvial origin, are present locally in the upper
part of the Pierce Canyon redbeds (fig. 10). These lenses are finer
grained than typical lenses in the Santa Rosa sandstone. More.o vcr,
the Santa Rosa disconformably overlies the Pierce Canyon as shown
in figure 9, so that Lang's correlation does not seem well substantiated.
In this report the formation is regarded as either Permian or Triassic
III age.

_\mong petroleulll geologists the name Dewey Lake redbeds is com
monly applied to the rocks hem designated the Pierce Canyon redbeds.
The name De.wcy Lake ,yas first used by Page and Adams (1940) for
rocks penetrated by drilling ill the Jfidland basin of Texas that occupy
about the same stratigraphic position as tlle Pierce Canyon redbeds
in the Delaware basin of southeastern ~ew Mexico. The Dewey Lake
redbeds were assigned a Permian age because they were thought to
lie conformably on the Rust 11'1' formation and to be more closely re·
lated in appearance and mineral content with the underlying Permian
rocks than with the overlying Triassic rocks. The Pierce Canyon
:1 nd Dewey Lake redbeds may possibly he equivalent.2

SANTA ROSA SANDSTONE OF TRIASSIC AGE

The Santa Rosa sandstone disconformably overlies the Pierce Can
yon redbeds. Only the lower fiO to 70 feet of the Santa Rosa sandstone
is present in the northern and northeastern part of the Nash Draw
quadrangle and therefore the total thickness of the formation could
not be determined. In general, the Santa Rosa consists of large-scale
trough-type crossbedded pale-red sandstone and conglomerate lenses,
:l to Hi feet thick, separated by thin partings of moderate reddish
brown siltstone and silty claystone (fig. 12). The conglomerate lenses
contain both silty dolomite pebbles and chert or quartz pebbles. The
sandstone is characteristically poorly sorted. The formation differs
from the underlying Pierce Canyon redbeds by being coarser grained,
]Pss weI! sorted, and by ha \'ing heds that are thicker and more
lenticular.

The !lallle Sant a Hosa sandstone was first used for rocks of Triassic
:lge in east-central Kew :Mexico along the Pecos Ri\'er near the town
of Santa Rosa (Rich, 1921; Darton, 1922, p.183). In the Nash Draw
qnadl':lngle :llld adjacent ;\I'ea" to the north and east, the Santa Rosa
sandstone is mostly pale reel to pale reddish brown, and locally pale
red purple to pale hlue green. Secondary alteration has locally

, Sub,eqlleJlt to the preparation of this report. the U.S. Geological Sllrvey decided in
favor of uRing tbe name Dewey Lake redbedR of Permian age in place of tlle name Pierce
Canynn rf~dbeds of Pprminn or Tria~~ic agp.
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bleached the rocks to light gray, grayish pink, and light greenish gray.
Bleaching is especially common near the base, in some of the coarser
sandstones, and in places \Yhere the rocks have been recently deformed.
The disconformity between the Santa Rosa sandstone and the under
lying Pierce Canyon is sho,vn in figure 9.

FIGURE 12.-Santa Rosa sandstone showing large-scale trough-type crossbedd.ing. View of
bluff, northeast corner sec. 1, T. 21 S., R. ao E.

Sand grains in the Santa Rosa mostly range from silt to medium
grained sand; the fine sand (0.125 to 0.25 mIn) is most abundant.
Quartz and chert are the most abundant mineral grains and generally
amount to more than 60 percent of the rock. Plagioelase and micro
cline or perthite are moderately abundant and may constitute 15 01'

20 pereent of the rock. (h'ains, granules, and locally pebbles of
quartz and chert as much as several centimeters in diameter and light
gray silty dolomite pebbles ranging from a fe\v millimeters to several
centimeters acro~s are also common. Locally, some beds are made
up almost entirely of mottled reddish and bluish-green silty dolomite
granules and pebbles. The larger fragments tend to be \Yell rounded;
the fine- and medilllll-sancl particles are angular. Locally, some
grains are crushed and fractured. Many grains are embayed and
interlocked ,vith adjacent grains. Authigenic quartz overgrowths
are fairly COl1lmon. Acressory minerals include biotite, muscovite,
magnetite, ilmenite, pink garnet, and zircon. The accessory minerals
comprise less than about 5 percent of the rock. Fossil plant impres
sions, carbonaceous pbnt frag1nents, and fossil reptile bones and teeth
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thought to be from phytosaurs characterize some of the beds. Clay
is a relatin'ly minor COllstituent in most of the Santa Rosa sandstone.
Sc('ondary dolomite was identified by B. M. "Yladson (oral communica
t ion, .Tanuary l!)(iO) as the most abundant cement, and it probably con
stitutes at least Hl percent of the rock.

The Santa Rosa sandstone represents a change in the environment
of deposition as compared with the Pierce Canyon redbeds. The
large-scale through-tYlw crossbedding probably indicates a fluvial
environment. The lack of sorting, arkosic composition, and angular
ity of the grains suggests rapid deposition by streams descending from
a predominantly crystalline terrain.

Outcrops of the Santa Hosa sandstone in normal stratigraphic posi
tion are found only in the extreme northeastern corner of the Nash
Dra\v quadrangle, and the exposures there are poor. More favor
able exposul't'S are found within a mile or t\Yo of the north boundary
of the quadrangle south of U.S. Highway 62 and 180. There the
Santa. Hosa sandstone forms a conspicuous south-facing escarpment
(fig. 12) that extends from sec. 4, 1'.21, S., R. 31 E., almost contin
ltom:ly to the ~farooll Cliffs in sec. fi, T. 21 S" R. ?,O E. TIle Santa
Hosa sandstOlw is also presened on the flanks and in brecciated down
(lr'opped cores of sevHal domal karst features near the north boundary
of the quadrangle. TO\wr Hill, on the north boundary of the quad
ranglr, has a tilted block of Santa Rosa sandstone exposed on the
sou! h side of the hi IJ that probably represents part of a downdropped
('Ol·P.

Th(\ Santa Hosa sandstone probably contains \vater locally in areas
north and east of the Kash Dnl\\" quadrangle, but most of the records
of watpr \\-p11s are ina(lpquate to distinguish between the various red
IJP(ls that may he present.

On the basis of thp r(>mains of phytosaurs (Case, 1!H4), the forma
tion is assigned to the Late Triassic and is conllllOnly regarded as the
bas:!1 fOl'ma (ion of the Dockum group of Late Triassic age.

GATUNA FORMATION OF PLEISTOCENE ( ?) AGE

The Gatnna formation unconformably overlies the Permian and
Triassic rocks in thp quadrangle, except \vhere it has been removed by
erosion. III !\lost of thp area the Ciatuna formation is only about 3 to
G feet thick and is directly ol'erlain by Recent caliche that is more
]'esistant than tIle Gahma and masks the underlying rocks. There
fore, except where tlip Oatuna is thick or forms a broad enough ex
posure to map separately, it is shown together with the caliche on the
geologic map (pl.!). In gpneral. the Gatllna formation consists of
lllodrrate reddish-orange friable sandstone, siltstone, and conglom-
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erate, but locally includes gypsum, gray shale, and claystone. The
Gatuna is as much as 100 feet thick locally.

The formatioll takes its name from Gatuna Canyon, about 7 miles
north of the Nash Draw quadrangle (Robinson and Lang, 19i18, p. 84
85). Some of the best exposures in Gahma Canyon are in the S%
sec. ilr., '1'.19 S., R.))O E., directly south of the point "'here New Mexico
State Route 31 crosses the escarpment of Nimenim Ridge, The
Gatuna is at least 80 feet thick in a gravel pit at this locality; it
consists of pale-red conglol1lPratic sandstone in the 100yer part, grading
npward into moderate reddish-orange massive sandstone and siltstone
at the top, \yhere it is overlain by caliche. The base is not exposed
because of slnmping and lamlsl iding along the steep slope.

South of Salt Lake in the extreme soutll\Yest comer of the Nash
Draw quadrangle, the Gatuna formation forms a north-facing escarp
ment 60 to ion feet higll, COYered at the top by a cap of caliche. The
color and lithology are quite variable locally. The rock is chiefly
moderate ora ngish-red fria hIe fine-gra inpd sandstone and SiJtstOlJP,
but contains some lenses of gray to yellowish-gray laminated clay and
silt interhedded \yith ledgps of pale-red sandstone and eonglomeratic
sandstone fi inches to 2 feet thick. Three stratigraphic sections of the
Gatuna were measurpd in Pierce Canyon, one of a spries of eastern
tributary canyolls to the Pecos River, ahout 4 miles south of Nash
Dra'\ quadrallglr\ to show the range and ,-ariability of the lithology
locally.

8tratigrllphic scction of a ]Jort of the Gatuna formation near thc 11'CSt end of

the north Muff of Pierr'c eall!lOIi in SW 1,4 SCI'. n. T. 24 S.. R. 211 E.

Thickness
Gatuna forma tion (pa rt) : (feet)

Siltstone. IllOderate rE'Cl<lish-orange. ('rni'sbedded. nWi'i'ive-weathering__ f>
Sandi'tone. pale-red. medium-grained; fnrllls ledge__________________ 2
Sl1IHlstone. moderate-pink to g-ray. mellium-g-rainPII. friable________ R
Samlstonp. pale-rei], ('onglon1Prntip croi'sbeddeIL___________________ :-i-I0

Siltstone. moderate redllii'h-or:mg(\ ('1'osshedllell. IIwssi\-e-weathpring:
base coverell by alluvium______________________ Hi

3f>-1O

The next section was rneasllred abont half a mile east of the first.
At the base of thE' slope on wh ich the sect iOIl ,yas measnred is a tilted
bloc];: of beddE'd rock at least 20 fpet thick and spyeral times as long
snrronnded by allm-illm. The block shows t IlP charactpristic color
and ,yayy lamination of dolomite of the ~fagpnta member, hut it has
hepn fractnred, recrystallized, nenrl most of the gypsum leached a \Yay.
Sryeral large erratic blocks from the Magenta member of the Rnst
leI' formation nend the Pierce Canyon redbeds are imbedded in the
Gahma \Yithin a mile to the east, nend it seems likely that this block
was also incorporatpd in the Gatuna.
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Stratigraph ic ,,('ctirm of a part of the Gatuna formation. exposed alryng the north
IJluff of Pierr,e Canyon ·il1 SElIl 8('C 22, T . .84 S., R. 89 E.

Thickness
(feet)

Caliehe.
Gatuna formation (vart) :

SH!l<lstone. \lale-r('(l to mo(lerate reddish-orange, medinm-grained;
loeally conI ains grannIes and pebbles; becomes calcareous at the top,
grading llvward into the caliche _

Conglomerate, grayish-pink to pale-red, crossbedded; contains vari
ously ('"Iored rounded quartz and chert pebbles and rounded to
angular Ril tRtone pebbleR . _

Siltstone, llIoderate red(lish-orange, and pale-red conglomerate con
taining rounded (]lJartz and chert pebbles and angular fragments of
pink dolomite apparently derived from the Magenta nH'Illber of the
Rustler forlllation. Dase covered by alluyium _

40

22

10

72

The third section, as shown below, was measured on the west point of
a prominent reentrant into the north bluff of Pierce Canyon about 500
feet east of the second section.

8tmtillraph if' seetion of a [Jart of the Gatllna formation exposed alol1q the north
IJluff of Picrf'(' Cal/1/oll in SWill scc. 23, T . .21 S., R. ;29 E.

CaliC'he. 7'1,ickne.'8
Gatuna formation: (fret)

Siltstone, pinkish-gT'W. samly. friable; no visible bedding; upper part
grades into oyprlying' ('ali('he____________________________________ 22

Siltstonp. and "ery fine grained sandstone, moderate orange-vink:
some thin laminae loeally; weathers massive, except for a few
ledges of sandstolH' ;~ to (; in, thielc____________________________ 25

Siltstone and claystone, grayish-yellow to yellowish-gray, possibly
tuffaceous; ('ontaills RIlnr,€' plant fragments. Ease covered by
allu vi um __ __ ___ __ ____ _ __ __ __ ___ __ _ 33

80

Several sinkholes and domal karst features contain thick fillings of
Gatnna in the Nash Draw quadrangle and adjacent areas. Good ex
amples of such fillings associated with karst features are (1) a promi
nent bluff of red siltstone abollt a quarter of a mile north of the .Tal
road on the section line between sees. 33 and 34, T. 22 S., R 29 E.; (2)
red siltstone about a qWlrter of a mile southeast of New Mexico State
Route 31 near the center of the SE% sec. 15, T. 22 S., R. 29 E.; (3)
red siltstone near the center of the large island in Salt Lake at the
northeast corner sec. 16, T. 23 S., R. 29 E.; and (4) a red siltstone
knob neal' the north end of the prominent hill in the SE% sec. 24,
T. 2;) S., R. 29 Eo A hill about half a mile west of the quadrangle near
the intersection of Ne,,' Mexico State Route 31 and the .Tal road is
cut by the U.S. Potash Co.'s narrow-gauge railroad to the mill and
contains an unusually good exposure of red beds thought to be part
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of the Gatuna formation. The lower 30 feet of this outcrop consists
of poorly bedded moderate reddish-brown siltstone with light-gray
spots, several beds, 3 to {) inches thick, of medium- to coarse-grained
sandstone, and large angular erratically distributed blocks of lamin
ated siltstone probably derived from the Pierce Canyon redbeds. This
unit is overlain with slight angular unconformity by 8 to 15 feet of
conglomeratic moderate reddish-orange mudstone containing chert and
quartz pebbles as much as 4 inches across. The upper unit apparently
has no bedding and weathers into a nearly vertical cavernous ledge.
Rocks at the top of the outcrop grade in color and texture into caliche,
which forms a resistant cap 5 to 10 feet thick at the top of the hill.
The examples of Gat lIna core-filling mentioned earlier are mostly
similar to the lower siltstone unit.

In some areas where the exposures are small or partly covered, it is
difficult to distinguish the Gatuna formation from the Pierce Canyon
redbeds and the Santa Rosa sandstone. In other places where much
gypsum is present, the Gatuna resembles the Rustler formation. In
general, however, the bedding or lamination is more obscure in the
Gatuna than in tlw older rocks, and many outcrops of Gatnna have
vein lets of gypsnm of carbonate minerals not so common in the older
rocks. A chert- and qnartz-pebhle conglomerate lens overlying the
Pierce Canyon redbeds in see. 10, T. 22 S., R. 29 E .. is too friable and
has too m:L!ly pebbles to be regarded as Santa Rosa and therefore is
indicated as Gatuna. Similar reasoning was used to designate other
outcrops shown as Gatuna on the geologic lIlap (pl. 1) in the NE%
sec. 32, T. 23 S., R. 30 K, and several outcrops of Gatuna along Liv
ingston Ridge. An 011terop of gypsum on the large island in Salt
Lake is shown on the map (1'1. 1) as Gatuna fornlation, but it is pos
sible that some of the gypsum represents the Rustler formation.

Quahada Ridge in the northwestern part of the Nash Draw quad
rangle is covered by windblown sands, but well records show that the
sand is underlain by red beds. Tn his description of the Fletcher
potash core test in sec. 1, T. 21 S., R. 28 K, Lang (1942) suggests that
the Santa Rosa sandstone may be 55 feet thick, the Pieree Canyon
redbeds 50;'") fe.et thick, the Rustler formation 320 feet thick, and the
Sa.lado formation 490 feet thick. He fnrther states that the Rustler
formation lacks about 100 feet of its top beds and that it lies on trun
cated Salado fomlation of which the upper half has been removed by
solution. Considering the abnormally thick unit assiglwd to the
Pierce Canyon redbeds, the evidence for solntion, and the history in
adjacent areas, it seems reasonable to aSSigll at least 300 fe.et of the 560
feet of red beds in this well to the Gatuna formation. It then follows
that Quahada Ridge was formerly the site of a c1eprrssioll, not lInlike
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the present Nash Draw depression, that became filled with alluvial
matel·ial in Gahma time (p1. 1).

It seems likely from a consideration of the local variation and rapid
changes in thickness of the Gatuna formation that its deposition fol
lowed immediately after, or in part accompanied, a period of active
solution in the Rustler and Salado formations. Either the Pecos
River or a major tributary of the Pecos probably flowed across the
area, in a posirion neflTly parallel to the present Pecos Riwt' but offset
several miles farther east, which caused both the underground solu
tion of the older rocks and the filling of the reslllting depressions and
sinkholes with locally derived sediments.

The Gatuna formation was orginally indicated as being simply
Quaternary in age (Robinson and Lang, 1938), but is now considered
Pleistocene ( ?) by the F.S. Geological Survey. Fossils bearing on the
age of the Gatuna formation have not been reported. Physiographic
relations would seem to indicate that the Gatuna is deposited on a
surface of erosion that is younger than the Ogallala formation of
Pliocene age on the High Plains farther to the east, because the pre
Gatuna surface lies at a lower level. However, the pre-Gatuna sur
face has been warped by solution of the underlying soluble rocks and
gradual sinking of the ground surface as much as hundreds of feet so
that the usual methods of correlating physiographic surfaces by their
elevations is not necessarily valid. As much as 2,000 feet of salt has
been removed from the formations of Late Permian age throughout
large areas west of the Pecos River, but it is not known how much of
this solution and sinking had taken place by the time the Gatuna ,vas
deposited, and how much took place in post-Gatuna time. If much of
the solution was post-Gatuna, then the Gatuna might actually re
present rocks equivalent in part to the Ogallala formation of Pliocene
age.

PLEISTOCENE AND RECENT DEPOSITS

CALICHE

In the Nash Draw quadrangle, a fairly continuous mantle of caliche
was deposited nncomformably on the Gatuna formation and older
rocks. This caliche has been overlain, in turn, by younger deposits
and is therefore thought to have stratigraphic significance. Though
generally less than 10 feet thick,)ts resistance to weathering in the
dry climate has allowed it to form extensive surfaces that can be
mapped in dpfinite stratigraphic sequence with other rocks and
deposits.

Caliche is a near-surface accumulation of calcareous and clastic
material that forms a resistant mantle. It is characterized by an
excess of calcareous material over that required to cement the clastic
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grains, with the result that the grains appear to float in the matrix.
In many areas the calirhe is characteristically brerciated and rece
mented. In addition to sand and calcareous material, pebbles are
locally abundant, and silica in the form of chalcedony or opal also
forms part of the cementing matrix. Other soluble minerals, includ
ing gypsum, are probably locally present. Where the top surface
of caliehe has long been exposed to weathering, it almost invariably
has a very hard dense limestone surface that could easily be mis
interpreted as an outcrop of massive limestone similar to those in
some older formations. Close inspection, however, generally reveals
sand grains, chalcedony, and brecciation. Commonly the dense layer
at the top is only 1 or 2 feet thick, and the rock becomes more friable
and shows a greater proportion of sand grains to matrix within a few
feet of the surface. The less calcareous zone in turn grades down
ward within 5 or 10 feet into the underlying bedrock, which generally
is broken into angular fragments recemented with calcareous material.
In many areas caliche has concentric lamination or colloform struc
ture suggesting calcareous algal structures. The widespread mantle
of caliche has much the same composition throughout the area regard
less of whether the underlying bedrock is red sandstone and siltstone
from the Gatuna formation, Santa Rosa sandstone, and Pierce Can
yon redbeds, or gypsum from the Hnstler formation.

Locally, younger caliche occurs as small irregular masses within
the younger deposits, but these patches of caliche are too small to be
mapped and are not stratigraphically significant.

Most of the caliche is thought by Brown (1956, p. 12) to have
formed during the Quaternary period, probably from subsurface
evaporation of soil moisture in an eolian aggrading soil profile.
According to Brown, both the sand and the calcareous material were
deposited by wind. In many areas erosion and solution are destroy
ing the caliche. Sinkholes, including both small cavernous openings
enlarged by small animals and shallow circular depressions or wallows
up to several hundred feet in diameter, are common in areas where
caliche is exposed on broad flats. In some areas where these features
are most conspicuous, the caliche is underlain by gypsum that is
locally dissolved away, as shown by figure 13.

Mounds and broken flexure ridges of caliche where the surface of
the caliche has been buckled upwards 10 to 15 feet high along narrow
zones for distances of 50 to several hundred feet are common locally.
These features 'were noted especially in the southwestern part of the
quadrangle within a distance of 3 miles east of Salt Lake (fig. 14).
Broken flexure ridges differ from mounds in having open tension frac
tures that extend parallel to the axis of the structure. Many caliche
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mounds and broken flexure ridges protrude through alluvial material,
but arp, too small to distinguish individually from the alluvium at the
scale ofthp, geologic map.

};'IGURE l:l.-SinkllOle in tlle Forty·niner member of tbe Rustler formation. (jypenTn and
O\'el'lying caliche have coll:q"ed along the margin of tlle depression which occupies the
foreground. View in SWl4 sec. 3, T. 23 S., R. :lO E.

J;'WUll'l H.-Broken flexure ri'dge of caliche showing steep dips away from the axis of the
ridge. View in ,eo. 23. T. 23 S., it. 29 E.
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The ongm and significance of the caliche mounds and ridges is
uncertain. They may be similar to the pseudoanticlines described by
Price (HJ25) from central Tamaulipas, Mexico, which he attributes
to the accretion of caliche at shallow depth in the joints of slabby
bedrock. The pressure of crystal growth was considered by Mortensen
(1930, p. 487) to explain the origin of similar ridges in the salt de
posits of Chile. Consideration might also be given to thermal expan
sion and contraction with deposition of material in open fissures. This
process is regarded as important in the formation of polygons and sim
ilar patterned ground in polar regions (vYashburn, 1956, p. 851). The
expansion of anhydrite as it alters to gypsum is a further process that
should be considered because of the occurrence of these ridges in areas
where caliche direetly overlies the Rustler formation. Probably a
combination of more than one process is involved in the formation of
caliche mounds and broken flexure ridges in this area. The present
mapping ,,'as insufficiently detailed to determine whether the ridges
and mounds form a regular areal pattern.

Bretz and IIorberg (!fJ4fJ, p. 4-!J2) recognize four surfaces on which
caliche is developed. They are, from oldest and highest to youngest
and lowest: (1) the High Plains of the Llano Estacada in extreme
eastern New Mexico: (2) the Mescalero plain, which extends westward
from the High Plains to the rim of Nash Draw and includes areas east
of Livingston Ridge and Maroon Cliffs, east of Nash Draw, and the
top of Quahada Ridge, west of Nash Draw; (?,) the Blackdom plain;
and (4-) the Orchard Park plain. The two 10\\'Cst surfaces are west
of the Pecos River. According to this classification, most of the broad
areas of caliche in the Nash Draw quadrangle are formed on the
Mescalero plain. Possible exceptions would be the areas of caliche
within Nash Draw which are lower than the surrounding ridges, but
these might represent parts of the Mesealero plain that have been
let down by solution. Differences of relief of as much as 400 feet of
caliche on sloping surfaces and caliche-conred slopes as steep as 10°
apparently have resulted from tilting caused by recent solution.

Although the relative age of these surfaces is generally accepted,
correlation of their ages with late Tertiary and Qnaternary events
elsewhere is difficult to establish. The Mescalero plain is developed
largely on the Gatuna formation. The age of the Gatuna is uncertain,
ho,,'ever, and may be as old as Plioeene. The caliche, accordingly,
may be Pliocene, Pleistocenp, or Recent, but it is carried as Recent on
1he aceompanying geologic map.
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ALLUVIUM

Decause there are no througllgoing streams in the Nash Draw
quadrangle, there are no alluvial stream deposits of the kind ramiliar
to most geologists. Instead, alluvium that has been mapped over large
parts or the Nash Draw quadrangle is locally derived material de
posited by sheet wash on j he slopes or depressions and by intermittent
streams that discharge their load into the depressions as alluvial rans
during rare periods of flash flooding. Many of these deposits might
logicaJly be termed "pediment" or "bolson" deposits. The kind and
size or material varies greatly, depending on the local source. Allu
vium along the base or Maroon Cliffs consists mostly or reworked
red sand and silt and rock rragments from the Pierce Canyon redbeds
and Santa Hosa sandstone mixed with limestone rragments from the
calie1lP. In the southwestern part of the area the alluvium includes
considerable gypsum and dolomite deriwd from the Rustler formation
mixed with sand and silt that is probably of eolian origin. As mapped,
the cantad of the a1111 vi um com monly merges against bedrock from
which it ,vas derived. Alluvium commonly also grades into, or inter
tongues with, playa deposits near the center of the depressions or
bolsons.

PLAYA DEPOSITS

Playa deposits consists of alhlvimll and eolian sands rmvorked by
shallow-lake waters. Kormally, lakes form in depressions after periods
of heavy runoff' and evaporate soon thereafter. Parts of some depres
sions are occupied by more or less perennial lakes, of which the largest
is Salt Lake (also called Laguna Grande de la Salon many maps).
The level of some of the Jakes is maintained, at least in part, by the
discharge into them of water and brine from potash refineries in the
area. The playa, deposits were not examined in detail, for there are
no natural cuts through them. The surface of some at the time they
were seen was a water-saturated mudflat. Examples of this sort are
Relllnnda Basin in see. 80, T. 28 S., R ;)() E., and the depression in
sec. :2R of the same township where the margin of the depression has
bepn built IIp to increase i1-s eapaeity as a water tank for cati Ie. Playa
deposits at higher elevations are drained by sinkholes and are appar
ently dry most of the year because they support 11 growth of grass.
Examples of j his type are in sees. 7, 17, and IR, T. 2:1 S., R. gO E.
OtllE'rs that are damp most of the time support a dense growth of salt
cedar (l'arruui.:r;). Examples of this sort are Tamarisk Flat, in sees.
2G awl :l;"i, T. ~2 S., R. 28 K, and the intermittent lakes in sees. 12 and
18, T. 2:1 S., R. :W E. Playa deposits along the margins of Salt Lake
eonsist locally of gray mud with local concentrations of carbonate
minerals, probably deriyed from the Rustler formation, and saline
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minerals, ineluding both chlorides and sulfates, derived from the
evaporation of brine from the lake. Some of these deposits are con
solidated into a hard rock similar to caliche but with a morp coarsely
granul:u texture.

WINDBLOWN SAND

More than half the Nash Draw quadrangle is covered by surficial
deposits of sand. Similar deposits extent weshvard from Mescalero
Ridge (the west-facing escarpment of the High Plains) for 20 to 30
miles to the Pecos River and for many tens otmiles north of the Texas
boundary. The sand is locally knO'vn as the Mescalero sands.
Though widespread, t he sand is very erratic in its distribution and
thickness. It is blmvn about eontinuously and forms dune ridges
and hummocky dune areas separated by broad flats. On the flats the
sand is stabilized by mesquite, bunchgrass, and other vegetation. The
most pronounced dune ridges and hummocky dunes occupy areas where
the sand is shifting, and they are clearly shown on the aerial photo
graphs by tllE'ir relief and by the ahsence of vegetation. Dune ridges
and hummocky dune areas "'ere mapped separately from the broad
flats (p1. 1). In general, the areas outlined as dunes are also nnderlain
by the greatest thickness of sand, probably as much as 100 feet loca]]y.
The a1'eas mapped simply as sand, probably are underlain by only 10
to 1;; feet of sand on t he a vprage ~l\1d tllP deposits feat her out at their
margins. The long dimpnsion of the dnne ridges appears to parallel
the prevailing direction of the strongest \vimls at the time the dunes
were formed. It is interesting to note that the orientation of the
ridges is not uniform throughout the area.

No petrographic stndy was made of the sand; ho\vever, from field
observation it appears to be fairly uniformly fine grained light-brown
to pale reddish-brown quartz. ~Iany of the grains are rounded and
frosted. In deflated areas or "b10\vouts" among the dunes one sees
many small pockets where polished chert and qWtrtz pebbles up to
several inches across are concentrated at the sudace. Rarely, Indian
artifacts occllr among the pebbles, i1Hlicating an artificial source for
some. It is otherwise difficult to visnalize how these pehbles could
become mixed with the eolian sand. Perhaps some pebbles were re
worked and let (lown hom a once higher formation, such as the Ogal
lala, and perhaps the san(l ttlso was derived from the Ogallala
formation, hoving been reworked, winnO\wd, and let down as the Mes
calero Hidge retreated to its pre'ient position several miles to the east.

Sand may be derived from (leposits of different ages in different
parts of the area. Locally, a llllvial and playa deposits may make
eontributions to the eolian sand during dry periods. Sand deposits
at the northwest end of Tamarisk Flat in secs. 23 and 27, T. 22 S.,
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R. 29 E., are intermediate in position between alluvium and playa de
poslts, and most of the sand is stabilized in nearly circular mounds,
each centered about a clump of mesquite and other vegetation, rather
than in dune ridges or hummocky dune areas. This suggests that the
sand is currently being derived from the adjacent deposits and held in
place by the vegetation. Patches of sand similar to this are present
east of Salt Lake. Sands at the base of a dune may remain stationary
for many yel1rs locally before being uncovered and reworked, while the
upper layers shift abont with each change in the wind. There seems
to be little justification iu the Kash Draw quadrangle for subdividing
and namiug differpnt !lnits within the sand, as has been done on a part
of the High Plains of "'estern Texas (Huffillgton and Albritton, 1941)
because the varions layers haTe not bepn observed to have regional
sign ificance.

STRUCTURE

The teetonic strnetm'e of the Nash Draw quadrangle is thought to
be a relatively simple homoc1inal dip to the east. This interpretation
is based chiefly on subsurface data in, and adjacent to, the quadrangle
amI to a lesser pxtpnt Oil the outcrop. In general, the outcrop data are
not regarded as sulliciently reI inhIe for the determination of specific
structnraI features other than surficial because of the widespread
warping and subsidence. The surficial strncture is dpscribpd undel'
"Geomorphology."

Structure contours on the Precambrian-Paleozoic contact of south
eastern New Mexico (Flawn, 1956) show the deepest part of the
Delamtre Imsin 1:1,OO() feet below sea lpvel in the northeast corner of
the Nash Draw quadrangle. Evidence for the -13,000-foot contour
shown on this ma p is based on a si ngle drill hole that penetrated Pre
cambrian rocks at 12,881 fpet below sea level about 4 miles north of
the quadrangle. Northwest from this point the basement is shown to
rise at a rate slightly less than 200 feet per mile. The gradient to the
east of this drill hole is nearly the same as to the northwest, but is
somewhat irregnlar. More recently, within the Nash Draw quad
rangle, the Shell Oil Co. No.1 .Tames Ranch gas well in sec. 36, T. 22
S., R. 30 K, ,vas <]r'illed W a depth of more than 14,000 feet below
sea levpl without penetrating Precambrian rocks. Structure contours
<Irawn on top of the" Yates sand" (Stipp and Haigler, 1956), which
nnderlies the Salado formation in the shelf area north and east of the
Capitan limestone, show rt decrease in elevation from about :3,000
fept in thp area north of Carlsbad to about 500 feet 70 miles to the east
near the east boundary of New Mexico. Superimposed on this average
dip of about ;1;') fpet pel' mile to tIle east are a number of gentle domes
with a relief of 100 to ;\00 fept. Except for surficial deformation, the
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st 1'\1('111I'P "Ol1th of illp ,,111' rn ('p tJ':H'p of tJlP Cn pita n JinlP"tonp, incJmling
Ilpal'ly al1 tllP Xash Dra\\' qn:ull'an!!.'lp, is !!'pllprally lJPlicypd to bp "im
ilarly !!"('Iltle Oil the ]m"is of rplnti,'ply spnrsr dril1 informatioll anil
able brlmy t]lr Pnmi:11l pYaporil(' rocks in the northern Dp!a\\'al'e
basin.

GEOMORPHOLOGY

Nash Draw is thr principal sllrface structure and g'polllol'phic fea
tllre in the arra. Tn n>ry general outlinr tllP ontrrop pattern is that
of a large anti('linc gently plnnging to thp nOl'th "'itlt thp o](lest rocks,
the Rnst1er formation, expospel in the centPI' and the yOllllgl'I' Pieree
Canyon redhe(ls and Snnta Rosa sandstone expospd on the flanks. At
lrast locally, thr rock" expospd along tlte margins of Nash Draw ex
hibit dips in toward thr cr11ter of the topographic depression, con
trary to it strnct11l'al piet1ll'e comistent "'ith an anticline (fig. 11),
Tho structlll'e of the' mar1;:(>r he·ds 'Yithin the Snlado formation as re
vealrd by "'ell r('cords indicatrs a gent k homorlinil! structure (pI. 1).
The anomalons dips seen in sul'f:u'e rxposl1res are interpreted to rep
resent surficial (lefonnation latrr than the trctonic structnrp as a re
snIt of eollap"e into the Nash Dra \\. depressioll. Nash Dnny is.
llwreforP. thollglJt to bE' an ll11drainrd physiographic deprrssion sn
pm'imposed oyer a gentle hOlnoclinal "trllctnrr. The depression prob
ahly resulted from regional diffrrpntial "olution of beds in the llPlwr
part of the Salado formation. Nash Dra,,' is srparatrd by a gentlr
divide area from a similar l:lrge dqwession to the nortll l'alled Clay
ton Basin. These depressions are probably "im ilar in orig'i Il to t Ilf'
solution-subsidence trollghs of the Gypsum Plain in sonthem Eddy
County, N. Mrx., and adjacent parts of Texa", described by Oliw
(HHj7). However, the solntion-sl1bsielence tI'011ghs of Oliw are mort'
regnlar in ontline, sma11l'r, and are formed in the Castile formation.

Tn the northern part of Nash Dnny, bedrock is largely covered by
it mantle of windblO\yn s:1l1d, dImes, caliche, and alI1Jvinm. Tn thp
central and sonthem part of Nash Draw howrver, the TIllstlpr forma
tion is highly deformed in ontcrops. The drfonnation is thonght to
be due primarily to large-scale eollap"e of tlir Rnstlpr formation as a
reslllt of o;0111ti011 within the anhydrite. gypSlllll, and halite bpds of thp
RlIst ler, and at the top of the RaIado formation. Evidence for sol11
tion within the RlIstler (·:tll \w fonnd al111o"t pverywhcrr that it is ex
posed. Rinkholrs of a 11 sizes ahOllnd in thr H11st leI' formation, rang
ing from small cavern011S ioints that trap 1lll\YHry li'"estocl, to largp
shallow depressions, partly lilll'll "'ith a1111yial 0]' playa eleposits lmt
commonly "'ith identifiable sinks "'ithin tIll' drpressed area (fig. 1:1).
vVhere dips in the RlIstler can be determinp'l, tllPy are g-enrra11y in
the direction of the larger depressions. In plan, these depressions
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range from slllall circular features a few tens or hundreds of feet
across to large irregular, or arcuate, features more than a mile across.
~Iany of the larger depressions, including the basin that holds Salt
Lake, are probably formed by the coalescing of smaller ones. Some
of the depressions tend to line up. These may indicate the probable
location of subterranean GlyernOUS water courses.

Contour lines drawn at the top of the massive salt in the Salado
formation (pI. 1) help show the degree of correspondence bet\yeen
topography, surficial structme, and solution at the top of the saIt.
Data for the contolll' lines were compiled by Bruno R. Alto, n.s.
Geological Suney from Government records of oil and gas wells and
potash test wells:' Surficial structural features correspond with tIle
attitude of the surface of the massive salt in some areas. but the sur
face structure is quite different from what would be. expected if it
were caused only by solntion at this one zone. Salt Lake basin is a
closed depression Oil the top of the Salado formation. Howeyer, a
larger and more pronounced closed depression on the surface of tIlE'
salt comprising several square miles that center on the KE% sec. ;)0,
T. 22 S., R. 28 E., corresponds in general to tllP largest continuous
outcrop of the Tamarisk memlwI' of the Rustler formation. This
large outcrop is for tIll' most part surrounded by playa deIH·essiolls.
some of which cOITespond closely to the margin of the depression in
the salt: but the centel' of the outcrop is topographically anel, judging
from the surface dips, strnctnrally higher' than the playas that sur
round it. A similar disagreement in surface and subsurface struc
(me is found along the southeast margin of Q1Jahada Ridge, which is
separated from the main pscarplllellt of Nash Draw by a slight topo
g-\'aphic tlepression. The topog-raphic depression o\'erlies a ridge on
the surface of the salt, aIHl Qualmda Ridge overlies a trough on the
surface of the salt (pI. 1). Tn its broader outlines; Nash Dra\y is not
\'pry clearly definetl by the structure contours Oll the top of the salt,
thollg-h the contour lines, in g-eneral, telld to parallel the outline of
t lIP topog-raphic depression.

Frolll this tliscussion it may be inferred that. althongh solution on
the top of the Inassiw s:Jlt in the Salado formatioll resulted in ratlH'I'
nlliform lowering' of the lall(l surface, surficial structural features are
gW:ltly 1l1O(lifie(1 ill det:Jil by diit'erential solutioll of the more soluble
portions of the Hn"tlpl' formation. ,\ppre('iallle local solution in tlte
Hustler formation is sho\\'11 in sees. 15 and 22, T. 20 S., R. 28 K, \\'here
the Ahgentn. member and C'111ebra tlolornite member are in contact,
whereas in normal st ratigTaphic succession they are separated hy
abo11t 120 fpet of g-ypSlllll in the Tamarisk member.

'Tlw "'ell I'f'corrl~ includf' tho'e listed in the table on page 8 pillS many others, espe
cially pota:-;h test wells that are clo~el'y spaced and qnite nllmPfOIlR in some areas.
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Areas of rock deformation that are circular or semicircular in plan
and range from a few hundred to a few thousand feet in diameter are
a common form of solution or karst feature in this area. Sedimen
tary strata including caliche are well exposed on the flanks of some of
these features and dip away from the center giving them the appear
ance of structural domes. Generally, such domes contain a core of
brecciated or randomly rotated rock that has been displaced down
ward with respect to the flanking rock. Typically the brecciated rock
in the core is overlain by a greater thickness of the Gatuna formation
than is present in the adjacent areas. The core of brecciated rock and
Gatuna is overlain by an unbroken arch of caliche on several of these
features, which suggests that the brecciation predates the deposition
and doming of the caliche. The breccia probably formed as a result
of collapse into a sinkhole. Examples of several well-exposed domes
directly north of the Nash Draw quadrangle have been described in
a separate report (Vine, 1960).

The depth and type of deformation are not generally known for the
circular and semicircular surficial karst features in the Nash Draw
quadrangle. Of two such surficial features noted near the potash
workings north of the Nash Draw quadrangle, one is represented by
a dome and the other by a depression of the marker beds in the Salado
formation at depth.

A semicircular domal karst feature occupies the center of sec. 18,
T. 23 S., R. 30 E. The west flank of the dome is down faulted so as
to place the Forty-niner member of the Rustler formation where it
forms the flank of the dome opposite to the Tamarisk member on the
side away from the dome. The otherwise circular plan of the dome
is interrupted on the east side by a large depression in which the
structure is masked by the accllmulation of surficial deposits.

A hill in the BEl;! see. 24, T. 23 S., R. 29 K, consists chiefly of an
anomalously located outerop of recrystallized and highly contorted
Magenta member of the Rustler formation. The general structure of
the hill appears to be a dome on which many minor folds are super
imposed. Near the north end of the hill all outcrop of massive red
siltstone, thought to be part of the Gahma formation, is probably a
sinkhole filling. Near the eenter of the hill all outcrop of the
Tamarisk member of the Rustler formation is about 100 feet structur
ally higher than in the suronnding areas. If a cavernous opening in
the lower part of the Rustler formation became filled with silt from
the Gatum, formation, the sinkhole filling may have remained sta
tionary while, all the surrounding area collapsed by later solution.
The sinkhole filling would then hold up a hill sneh as the one deseribed
above.
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An isolated outcrop of red siltstone thought to be part of the Pierce
Canyon redbeds (but concei vably from the Gatuna formation) lies
against the Forty-niner member of the Rustler formation along a
ve.rtical contact in the SE1i4 sec. 29, T. 23 S., R. 30 E. This appears to
be a simple example of the younger rock having been let down into a
sinkhole. The conclusion is the same regardless of the stratigraphic
interpretation of the red siltstone.

A circular hill on the large island in Salt Lake contains an exposure
of interbedded red siltstone and sandstone believed to be the Gatuna
formation surrounderl by massive gypsite that is separately mapped
as an informal gypsnm member of the. Gatuna formation. The hill
is anomalously locaterl in the middle of a lake that is a large playa
and is surrounded by alluvial and playa deposits. As there is little
to suggest a domal karst feature, the hill probably represents the
exposed residual core of a sinkhole in the Salado formation, left
standing when the surrounding more soluble rocks were removed.

On the west side of Nash Draw are several circular and semicircular
karst features that contain exposed cores of red siltstone or sandstone
from the Gatuna formation, Pierce Canyon redbeds, or Santa Rosa
sandstone. These include a dome that forms a prominent red hill
about half a mile west of the quadrangle near the junction of New
Mexico State Route 81 and the J al road; an elongated domal struc
ture on the line between sees. 3:3 and 34, T. 22 S., R. 29 E.; a dome
in the SE1i4 sec. If) of that same township; a small dome near the
center of sec. 11, T. 21 S., R. 29 K, another at Tower Hill; a karst
feature on the line hetween sees. 11 and 12 of the same township; and
an elongate dome on the east line of sec. 12 of the same township.
Others may form some nearby smooth rounded hills, hut caliche masks
the bedrock.

These domal karst features show deformation of the Recent caliche,
hut the exposures are not adequate to determine the extent of deforma
tion in older rock. Like the domes to the north, however, all are
probably snperimposed over sinkholes or depressions that formed
before the deposition of the Gatuna formation and before the forma
tion of the extensive caliche. Perhaps they are not all formed by
a single process. Prohahly differential solution and collapse SUl'

rounding a sinkhole core is most important in some, plastic flow of
salt important in others, and hydration of anhydrite to form a gypsum
a factor in all.

Horberg (1949, p. 47f») recognizerl solution as an important factor
in the late Cenozoic history and geomorphology of the Pecos Valley;
Maley and Huffington (1Hf):~) emphasized that as much as 1,900 feet
of Cenozoic fill in some parts of the Delaware basin has been localized



B42 COXTRIBUTIOKS TO GENERAL GEOLOGY

IJy solution, especially of salt. The large number of individual
features ,,-herE' solution 01' hydration has deformed rocks as young as
caliche indicates that Recent solution of salt and gypsum is of primary
importance in the geomorphic history of the Kash Draw fluadrangle.
Local "'arping and depression of tlw caliche where the bedding
remaius pandlE'1 ,,-it 11 t lw underlying GatUlm and older formations
amounts to jOn to lhO feet ill many parts of the Nash Draw fluad
rangle. On a larger seale "ithin the quadrangle, the caliehe appears
to be "'aqwd as mneh as ::\00 or 400 feet, though it may be argued that
such differences in altitude are due to initial differences in the altitude
at "'hich till' c'a Iidw was deposited. If the cal iehe formed chiefly on
the Mescalrt'O plain as sug-gested by Bretz and IIorberg (1£)40). then
tlwre has been at lea::;t 100 to 1riO feet of warping and depression in
relatively recent time.
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